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ABSTRACT
This thesis discusses the general piecewise linear damped system with multiple 
degrees o f freedom, a model drawn from the simplified suspension systems of 
passenger cars where the dampers (dashpots) have extension damping coefficients that 
are different from their compression damping coefficients. The simplified suspension 
system o f the passenger car is built as a model with eight degrees of freedom which 
include the vertical motion o f the seat /  passenger (human body), the bounce, pitch, and 
roll motions o f the car body, and the vertical motions o f the four wheels. Harmonic 
excitation is applied to the model that vibrates in a series o f different linear stages 
caused by its dampers’ characteristic. Lagrange’s equation is used to derive the model’s 
system matrices in every linear stage. Fourth-order Runge-Kutta formula is used for the 
numerical calculation and MATLAB is used for the computer simulation. The numerical 
computing results are explained through the general piecewise linear damped system 
with multiple degrees o f freedom by analytical deriving where the state-space method is 
used in each linear stage and then the analytical solutions of all linear stages are 
combined by determining their constants. In this way, the whole picture o f the system’s 
motion can be understood. Some useful conclusions are provided, one of which is that 
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Nowadays nonlinear vibration problems attract researchers’ interest. Many 
methods have been put forward. The exact (closed-form) solutions are only suitable for 
several simple problems. The approximate analytical techniques have been developed 
for many years but they must be used for some special problems. For most general 
nonlinear problems, the numerical methods are efficient, or, may be the only choice.
There are diverse kinds of nonlinear vibration problems. Among them, the 
piecewise linear vibration has been paid some attention for systems with single degree 
of freedom. For systems with multiple degrees of freedom, however, the piecewise 
linear vibration problems will be too complicated to be solved by analytical methods, 
and so the numerical methods should be adopted. Nevertheless, the analytical deriving 
is still useful to explain the numerical computing results. This is the highlight of this 
thesis.
Another hot topic is the coupled system problem. The state-space method is 
efficient for a general coupled system except for large degree-of-ffeedom systems 
where the method is time-consuming. Some theories indicate the conditions under 
which a system can be decoupled. Some researchers devote themselves to the methods 
in which a system can be approximately decoupled. For a general coupled system, 
however, both the conditions and the methods are seldom suitable. We have no choice 
other than the state-space method.
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The model we use in this thesis is drawn from the suspension systems of 
passenger cars. Each damper (dashpot) of the suspension system of a passenger car has 
extension damping coefficient and compression damping coefficient. The two 
coefficients are generally different. Therefore, when the system vibrates at extension 
movement of a damper, the system is linear; and when the system vibrates at 
compression movement of the same damper, the system is still linear but in a new linear 
stage because of the changing of the damping coefficient. Moreover, a suspension 
system usually has multiple dampers and multiple degrees of freedom; and so any 
changing of the extension and compression of one of the dampers will cause the 
system’s vibrating in a different linear stage. Meanwhile, it is almost impossible for the 
system’s equation to be decoupled in all linear stages. Such a system is called general 
piecewise linear damped system in this thesis.
The main characteristic of a general piecewise linear damped system is in its 
damping matrix that changes certain times during a vibration cycle and repeats the 
changes over the system’s movement. The changing of the damping matrix results from 
the different sets of the system’s equation caused by different damping coefficients in 
different linear vibration stages. In order to obtain the whole picture of the system’s 
motion, the linear methods, both the analytical and the numerical, can be used in every 
linear stage, and the solutions of all linear stages can be combined at the time that 
separates these different linear stages.
The objective of this thesis is to develop the characteristic of the general 
piecewise linear damped system with multiple degrees of freedom, a model which is 
drawn from the simplified suspension systems of passenger cars, by both analytical 
deriving and numerical computing. In Chapter 2, with the eigenvalue problems and 
linear systems reviewed, the state-space method is used to derive the analytical solution
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in each linear stage and the constant-determining method is used to combine the 
analytical solutions of different linear stages, in order to understand the motion of the 
general piecewise linear damped system that has multiple degrees of freedom. Some 
noticeable concepts are indicated. In Chapter 3, the Lagrange’s equation is used to build 
the model of the simplified suspension system of a passenger car which is under 
sinusoidal excitation. The system’s mass matrix, stiffness matrix, and damping matrix 
are offered in every linear stage. There is a section to discuss how the damping is set for 
the model. Chapter 4 gives the steps for the numerical calculation where the fourth- 
order Runge-Kutta formula is used. With the help of the outcome from Chapter 2 and 
Chapter 3, Chapter 5 presents and discusses the model’s simulation result that is done 
by MATLAB programming. Finally in Chapter 6, useful conclusions are listed, which 
are quite different from those of a linear system as which the suspension system of a 




Development of the General Piecewise Linear Damped 
System
This chapter begins discussion by reviewing the state-space equation, the 
eigenvalue problem, and the linear system response to harmonic excitation. Then the 
topic focuses on the general piecewise linear damped system with multiple degrees of 
freedom, whose solutions to general and harmonic excitation are derived. The last 
section indicates some noticeable concepts in which the piecewise linear damped 
system differs from the linear damped system.
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§2.1 State-Space Equation and Eigenvalue Problem
To begin with, let’s review the linear coupled system. Consider a linear system 
with n degrees of freedom:
[M]{ y ' } + [D] {y } + [K] {y} = {X(t)> , (2-la)
{y> |,.o = {y(0)}, (2-ib)
{y'}|..o = (y  (0)}, (2-ic)
where [M] is system mass matrix of order nxn ,  [D] is system damping matrix of order 
n x n, [K] is system stiffness matrix of order nxn,  {y} is physical displacement vector 
of order nx 1 and (y(0)} is initial physical displacement vector of order nx 1, {y } is 
physical velocity vector of order nx 1 and {y (0)} is initial physical velocity vector of 
order nx 1, {y } is physical acceleration vector of order nx 1, and {X(t)} is 
excitation vector of order nx 1. t stands for time.
Suppose that the system equations can not be decoupled according to Caughey 
& O’Kelley (1965). The state vector of order 2nx 1 is defined as
f{y}i
{z} = (2-2a)
and its derivative is
i{y ’}
{z  } = i -
Uy’>J
(2-2b)
Then from (2-la), (2-lb), (2-lc), (2-2a), and (2-2b), there are the state-space equations 
of this system as

















where [O] is zero matrix o f order n x n ,  [I] is identity matrix o f order nx n, and {0} is 
zero vector o f order n x l .  Alternatively, (2-3a) and (2-3b) can be expressed as the 
following form




[M ]-'[K] - [M ]- ‘[D] (2-4a)










which is initial state vector o f order 2n x 1.
For free vibration, {X(t)} = {O}, so that {F(t)} = {0}2nX1, and so (2-3c) 
becomes
{z } = [S] {z}. (2-5a)
Assume that the solution has the following form
{z(t)} = {V} e Xt (2-5b)
where {V} is a constant vector o f order 2n x 1 whose elements are independent o f time 
t, and a. is the unknown parameter. Substituting (2-5b) into (2-5a), it can be found that 
M V } = [S]{V}, (2-6a)
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or, in the form
( [S ] -M i] ) { V }  = {0 }2nX1. (2-6b)
For nonzero solution, there is
det ( [S] -  X [I] ) = 0. (2-6c)
Since (2-6c) is X ’s equation of order 2n and the system cannot be decoupled, there 
will be n pairs of complex conjugate solutions of X that are 2n eigenvalues A,j5 j = 1 
to 2n. Consequently, if all the eigenvalues are distinct, there will be n corresponding 
pairs of complex conjugate vector {V} that are 2n different eigenvectors {V}j, j = 1 to 
2n. This thesis only discusses the system with distinct eigenvalues.
Because of (2-2a), the lower n elements of the state vector {z} are the 
derivatives of the upper n elements of {z}. If {V}j is partitioned into upper 
half ,{Vupper}j, and lower half, {Vlower}j5 both having n elements, then from (2-2a) and 
(2-5b), the physical response corresponding to eigenvalue Xi can be expressed as:
(2-7a)
(2-7b)
or, in the form
(2-7c)
From the above discussion, it can be observed that
(2-8a)
and (2-8b)
The {Vupper}j, j = 1 to 2n, appearing in complex conjugate pairs, are referred to 
as complex modes or complex mode shapes whose physical interpretation is that each 
element o f a complex mode describes the relative magnitude and phase angle of the
2-5
vibration of the degree of freedom associated with that element when the system is just 
excited at that mode. This means that the relative position of each mass can be out of 
phase if the mode is complex. The total physical time response of free vibration will be 
the real part of the linear combination of {y}j ,j  = 1 to 2n, computed from
{y} = ZCjMj = (2-9)
j= l j=l
where Cj , j = 1 to 2n, are constants determined by initial conditions (2-lb) and (2-lc). 
As indicated above, the eigenvalue X will appear in the conjugate form 
>.r= a r - P ri ,  A,r* = a r + P r i ,  r = l  to n.  (2-10a)
Recall that the solutions of an underdamped single-degree-of-freedom system are
X = -¿¡a> -(tiyjl-C ,2 i , X* = —¿¡(D + 00-^1- £ 2 i . (2-10b)
Comparing (2-10a) and (2-10b) yields
«>r = V“ r +Pr > r = 1 to n , (2-1 la)
-  a r
(2-1 lb)r
' U + v  ’
r = 1 to n ,
where oo r is the undamped natural frequency of the mode r, and Csx is the modal 
damping ratio associated with the mode r. According to Lallement & Inman (1995), if 
the damping is in such a way so that equation (2-la) cannot be completely decoupled, 
the cd r calculated by (2-1 la) is not the same as that calculated by assuming zero 
damping. And the resonance will occur near the co r , r = 1 to n, calculated by (2-1 la).
If defining [V] = [ {V}, {V}2...... {V}2n ] (2-12)
as modal matrix, from (2-6a) there is the following compact form
[V] [diag^j] = [S] [V] (2-13a)
where [diagZj] is a diagonal matrix whose diagonal elements are the 2n eigenvalues in 
the same order as the corresponding eigenvctors in the columns of [V]. Provided that all
2-6
the X j , j = 1 to 2n, are different, all the {V}}, j = 1 to 2n, will be independent so that 
[V] has its inverse. Thus, from (2-13a), there is
[ d i a g ^ t v n s n v ] .  (2-13b)
Partitioning each column of [V ], shown as (2-12), in the same way as in (2-8b) 






fv IL upper J
[VuppJ [d ia g ^ ] (2-14a)
where [Vupper] is the upper half of [V] and has order n x 2 n , and [Vlow J  is the lower half 
of [V] and also has order n x 2n. For convenience in the later use, the [V ]1 is 
partitioned into right half, [ V ^ J  , and left half, [V_1left] , each having order 2n x n , so 
that
[V ]1 -  [ [ V \ ft] [V"1̂ ]  ] . (2-14b)
The halves of [V] and [V] 1 are related by [V] [V] 1 = [I], as the following shows:
m =
Tv iL T upper J
[V|0WJ
[ [V ' lc(l] [V ‘righj  ]
[VoppJ [ V - \ , ft] [Vupper][V-‘Hgte]' 




[ [ V '. J  tV ‘righJ ]
= '  [Vupper][V -'left] [VUWCT][V-‘righl]
JV upper][diagXj][V-| ,eft] [Vupper][diag>.j][V_1Hght]_’
so that [VuppJ [ V 'kft] = [I] ,
[Vupper][V-'Tlght] = [O ],
[ V „ J V 'kft] = [VuppJ[diagAj][V 'kft] = [O ], 








§2.2 Forced Vibration of Linear Systems
Now let’s consider the forced vibration of linear systems by defining the modal 
coordinate vector
{q} = [V] 1 (z}5 (2-17a)
so that there is {z} = [V] {q}. (2-17b)
Substituting (2-17b) into (2-3c) obtains
[V] {q } = [S] [V]{q} + (F(t)}; (2-18a)
premultiplying (2-18a) by [V]“1 and using (2-13b) obtains
{q } = [Y]_1[S] [V] {q} + [V T ^ t)}  (2-18b)
or {q } = [diag^j] {q} + [V]_1{F(t)} ; (2-18c)
premultiplying (2-18c) by [diage~Xjt ] ,  noticing {q } = d{q}/dt, and rearranging terms
obtains -^-([diage'Xjt ]{q}) = [diage-Ajt ] [V] 1 {F(t)} ; (2-18d)
integrating (2-18d) from 0 to t obtains
t
[diag e >jt] {q(t)} = / [d ia g e ^ '] [V ]1 {F(t)}dt +{q(0)} (2-19a)
0
where (q(0)} is the initial modal vector determined by initial state vector {z(0)}; 
premultiplying [diag e"^1] '1 to (2-19a) obtains
t
{q(t)} = [diageXjt ] \[diag e_Xi'] [V]'1 {F(t)}dt + [diag eXi'] (q(0)} (2-19b)
0
since [diag e 'Xjt ]A = [diageXjt ] .  (2-20)
Substituting (2-17a) into (2-19b) at both the time 0 and the time t obtains 
{z(t)}=M {q(t)}
t




where {z(0)} is the initial state vector defined by (2-4c) that includes initial physical 
displacement and initial physical velocity of all degrees of freedom. Solution (2-2 la) 
can be expressed as the following form
{z(t)} = [V] [diageXjt ] J[diag e"Xjt ] [V]'1 {F(t)}dt + [V] [diag eXjt] {C} (2-21b)
where {C} is a 2nx 1 vector of constants which are determined by initial excitation as 
well as initial displacement and initial velocity of all degrees of freedom. In (2-2 lb) we 
imply that the constant vector of the indefinite integral is zero vector, or, in other words, 
the lower limit value of the definite integral in (2-2 la) has been calculated in {C}of 
equation (2-2 lb).
Since the real part of , j = 1 to 2n, is negative for passive systems which




Xit-y = [V][diag e j ] {C}
’ rv i 'L ’ upper J
rv npper H diag^]
[diag eXi'] {C},
or, iy(t)},r = [Vuowr] [diage*’1] {C}
and { y (t)}„ = [Vupper] [diagA,^ [diag ex-'] {C}.







[V] [diage^'1 ] j [diag e " ’-' ] [Y]'1 {F(t)}dt
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~ rv iL T upper J
[Vupperltdiag^j]
‘ rv 1L ’ upper J
[VuwJ[diagX j]
[d iage^]Jtd iag  e ^ ‘] [ [ V 'J  [ V '^ J  ]{[M]_ ! ^ ( t) , 
[diageXi‘ ] J[diag e~Xi' ] [V''nghl] [M]"1 {X(t)> d t ,
dt
(2-23a)
or, {y(t)}a = [VuppCT] [diageXi‘ ] j [diag e _Xj‘ ] [V '^ J  [M]_1 {X(t)> dt (2-23b)
and {y'(t)}s, = [VuppCT] [diagXj ] [diageXjI ] |  [diag e~Xjt ] [V4righl] [M]~‘ (X(t)} d t.
(2-23c)
Consider the steady response of the system defined by (2-la) to harmonic 






is excitation amplitude vector whose elements are complex numbers where their 
magnitude indicates the amplitude value of excitation in each physical coordinate and 
their phase angle indicates the phase difference between each excitation (taking one 
excitation as reference); and co is excitation frequency. Taking the real part of {A} eliDt 
as the physical excitation and consequently we interpret the real part of the 
corresponding solution as the physical solution. Substituting (2-24a) into (2-23b) and 
calculating the integral, there is the following operation:
iy(t)/sl =  [VuppJ  [diageXjt ] J  [diag e^ 1 ] [V ‘righJ  [M] '1 {A} e *  dt 
=  [VuppCT] [diageXjt ] J  [diag e^ 1 ] eiM dt [ V '^ j  [M] '1 {A}
= [VuppJ [diagex,t] diag
icot-A.pte J
i© -  A,j




iff) — X ; [V ri^J [M] {A} eltat, (2-25a)
so that the whole response, from (2-25a) and (2-22b), is
{y(t)} = {y(t)}st+ {y(t)}tr
[Vupper] diag 7
1
ico -  X- [V 'U J m l W  eifflt + [Vu 1 [diag eXjt] {C}.
(2-25b)
Similarly, from (2-24a), (2-23c) and (2-22c) there is
{y'(t)} = {y’(t)}st+ { y ’(t)}tr
[̂ upper] diag iff) -  X :
+ [Vupper] [diagXj] [diag eXjt] {C}. (2-25c)
Now assuming that the system is in steady motion which we are interested in, 
we omit the subscript cst’ in (2-23a), (2-23b) and (2-23c) for convenience. Define an 
2nx 1 order vector {f(t)} as the following:




which is the steady part of the modal coordinate solution (2-19b) after substituting (2-4b) 
and (2-14b) into (2-19b), as implying in (2-21b).
Then equations (2-23b) and (2-23c) can be expressed as




and {y' (t)} = [VuppJ  [diagXj ] {f(t)} = [ V ^ ]  [diagX.j ] < f2(t) (2-27b)
Supposing that tr , r = l  to n, are the time when the velocity in physical coordinate yr 
equals to zero, that is y ’r(tr) = 0, then from (2-27b) there is
2n
y ’r(‘r ) =  Z [V »ppe,]dXi f j ( t r) =  0 r = 1 to n
j=i
(2-28a)
where stands for element r of the eigenvector {V}j and fj(tr) is element j in
time tr of vector (f(t)} defined by (2-26), j = 1 to 2n, r = 1 to n. Notice that for 
coupled systems the time f , r = 1 to n, are generally different.
In steady motion at time tr when y r (tr) = 0, yr reaches its maximum or 
minimum value yr(tr). From (2-27a) there is
y A ) = £ [ V upper]ljfj(tt ) (2-28b)
j=l
where tr is determined by (2-2 8a).
Substituting (2-24a) into (2-26) obtains vector (f(t)} for harmonic excitation:
m )  = diag
1
[V'^ghtl [M]'1 {A} e”1, (2-29a)
or, in the form




i© -  X- [v-1̂  m l w
(2-30)
which is independent of time t. Notice that the order of {f(t)} and {ff} is 2nx 1. 
Substituting (2-29a) into (2-2 8a) and (2-2 8b) obtains
3 0 0 0 9  0 3 2 5 0 2 5 0  7
2-12
y ’r(tr)= [V upper]r diagTi© — X : [V''ngllt] [M]-’ {A} e“ '' = 0 , r = 1 to n, (2-3 la)
and yr( t j  = [ V I diagT
1
i© -  X: tV -U J P V q ^ A ie ^ , r = 1 to n, (2-3 lb)
where [Vupper]r stands for row r of [Vupper], y r (tr) and yr(tr) have the same meanings as 
in (2-28a) and (2-28b).
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§2.3 The General Piecewise Linear Damped System
Now let’s discuss the general piecewise linear damped system. Consider a 
system with n degrees-of-freedom whose damping matrix is different in adjacent time 
stages within one motion cycle. Assume that one motion cycle has p time stages where
the damping matrix
[D] = P . ] to
[D] = P 2] t, < t < t 2 ;
P ]  = P , i ] t s-2 < t — t s_!,
P ]  = P J V , < t < t s;
P ]  = P s * . ] t,  < t < ;
P ]  = P J t p_ , < t < t p>
and P s]*P s+ iL  s = l t o p - l ,
where tp - 10 = 2tc/co. © is angular frequency of vibration. We define the general 
piecewise linear damped system as
[M]{y"} + [DJ {y } + [K] {y} = {X(t)>, s=  1 to p , (2-33a)
{y} L  = (y(0)} , (2-33b)
{y’llt-o = i y (0)}, (2-33c)
where the [M], [K], {X(t)>, {y}, { y }, {y’'}, {y(0)}, and {y' (0)} have the same
meanings as in (2-la) ~ (2-lc) except for the damping matrix [DJ which is defined by 
(2-32), and in at least one time stage the system equations can not be decoupled. So 
from (2-3a), there is
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or, in the form
{y"} = -  [M]'1[K] {y} -  [M]-‘[DJ {y'} + [M]'1 (X(t)}. (2-34b)
Then from (2-4a), the system state-space matrix [S] will be changed as 
[S]= [S,J t0 < t < t , ;
[S] — [S2] t, < t < t 2;
[S]= [S„,] t s_2 < t < t s_,;
[S]= [SJ t._, < t < t , ;  (2-34c)
[S] = [S ,J  t s < t < t s+1;
[S]= [SJ V , < t < t p,
where [Ss] * [Ss>l] , s = 1 to p-1 .
Consequently, according to (2-6a), there are p sets of 2n eigenvalues 3.  ̂, s = 1 to p, 
j = 1 to 2n, and p modal matrixes [VJ , s = 1 to p. The [SJ, 3.  ̂and [VJ , according 
to (2-13a) and (2-13b), have the following relation:
[VJ [diag X SJ  = [SJ [VJ , s -  1 to p ; (2-35a)
[diagX J  = [VJ-'[SJ [VJ , s = 1 to p . (2-35b)
According to (2-14a) and (2-14b), there are
[VJ =
rrv llL s,upper J f rv l 1L s,upper J
_ [ ^ s ,  lower 3_ jV s.appJtdiag^J
and [VJ-> = [ [ V ^ J  [ V ^ J  ] ,
s = 1 to p 
s = 1 to p .
(2-36a)
(2-36b)
All the subscripts ‘s’ in (2-35a) ~ (2-36b) stand for time stage s .
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Since in each time stage the system is linear, equation (2-2lb) still holds as long 
as the constant vector {C} is determined by the ending of the motion of previous time 
stage and the starting of the excitation of the new time stage.
Hence in stage s for time t: ts_{ < t < t s, the solution is
{z(t)} = [VJ [d iage^ ' ] J[diag ] [V J1 {F(t)}dt + [VJ [diag ex,,t] {C J
(2-37)
where {z(t)} is state vector defined by (2-2a), {F(t)}is the same as defined by (2-4b), 
{Cs} is called stage constant vector of order 2nx 1 which is determined by initial 
excitation in stage s as well as final displacement and final velocity of all degrees of 
freedom in time stage s-1, and the indefinite integral has the same meaning as in the 
equation (2-2 lb). Since displacement and velocity must be successive, the {CJ should 
be determined in such a way so that the solution (2-37) is successive at time ts , s = 1 
to p, as the following shown.
At time ts , from (2-37), the solution in stage s is
{2(0} = [VJ [diagex-* ] J  [diag e ^ '  ] [V J1 {F(t)}dt|
+ [VJfdiag eV'1*] {CJ; (2-38a)
meanwhile at time ts , the solution in stage s+1 is1
{z(ts}} = [Vs+1] [diagew -]J[d iage_ w ] [V ^,]1 {F(t)>dt|t=li
+ [ Y s - i H d i a g { C stl}; (2-38b)
equalizing the above two equations obtains
{CS. J  = [diage_ w ‘ ] [V^J-'IVJ [diagek,,!]J[diag e-^ ’] [VJ‘‘iF(t)}dt|t. t
+ [diage'w - ] [Vs+J-‘[VJ[diag eKlh] {CJ
+ In mathematical meaning, the integral is successive if  the integrated function is limitary.
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-J [d ia g e -w ]tV stlr'{F(t)}dt t=t. (2-3 8c)
so in stage s+1, according to (2-37) the solution for time t, t s < t < t s+1, is 
{z(t)} = [Vsll] [diage;‘-"']{[diag e ^ ]  [Vs+1]-‘{F(t)}dt 
+ [Vs+I][diag ex**lit][diage~^*ljl‘ ] [V ^,]1 
x [VJ [d ia g e ^ 1] Jfdiag e '^ * ]  [Vs]-‘F(t)}dt|„ti
-  [V^,][diag e w ] j[diag e^ * “' ] [Vsll]-‘ {F(t)}dt|,„s
+ [Vs»]][diag e i' ‘'J'][diage_i“IJ'' ] [Vs,|]'I[VJ[diag e ;“j1']  {Cs}
= [Vsll] [d ia g e ^ ’1]/[diag e " ^ ]  tVs+1]-‘{F(t)}dt
+ [Vs-,][diag e''”l,ll_IJ][Vs_l]‘l
x [Vs] [diage, ’ |t‘ ] Jfdiag [V J-'F© }*^,.
-  [V„,][diag ex-  jt] j  [diag e ' ^ ]  [Vs. , ] 1 {F(t)}dt|
+ [Vs+1][diag ex,*li<M,)][Vs. 1]'1[Vs][diageX!,j1']  {Cs}, (2-39)
where {CJ is decided in the similar way as equation (2-3 8c) by substituting s+1 by s 
and s by s-1, and so on, until to the beginning of this motion cycle where the constant 
vector {CJ is decided by the time stage p of the previous motion cycle. In the first 
time stage of the first motion cycle the constant vector in (2-37) is determined by initial 
excitation as well as initial displacement and initial velocity of all degrees of freedom at 
the very beginning of the entire motion.
As observed from (2-39), the solution includes steady state (the first item) and 
transient state (the other items). Notice that the ts in (2-39) is constant in stage s but 
will increase to another value in stage s+2, and so on. Thus the transient (decaying) 
part is just for this time stage, or, in other words, the stage constant vector (C J in (2-37)
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is different from stage to stage. The different eigenvalues A sj and modal matrixes [VJ 
in different time stage contribute to the difference of the stage constant vector {CJ. 
When the vibration continues in the next stage, the {CJ will be a new vector that keeps 
the displacement and velocity successive. In this form the transient part can be called as 
the stage transient solution which in fact includes some steady state of the entire motion. 
The real transient part that lasts beyond one time stage is from the initial conditions and 
initial excitation of the motion, which has been included in the transient part of the 
solution (2-39) or (2-37).
From (2-25a), (2-25b), (2-25c), (2-36a), (2-36b), (2-37), and (2-39), there is the 
entire solution to the harmonic excitation defined by (2-24a), as follows.
For time t: t btS_j < t < t b s, s = 1 to p, b = 1 to qo,
where s stands for time stage and b stands for motion cycle, the solution is
(y(t)} = [VS,UPPCT] diagT
1
ico -  Xs,J
[V-‘s,Iight][M]-1{A}ei'w
+ [Vs,uppcr] [diag e 1] {CJ
= [Vs, upper] diag
1
ico-X ^
[V-\.ngllt] [M]‘‘ {A} e““
+ [VW J  [diagei- ,,-, ' , ][VJ-| [Vs,]
diag
1
ico -  XS-l,j
-  [V.™,] [diag eXs-j<,“**-')]s,upper. diag
___1_
i© -  XS,J
+ [ V ^ ]  [diage1- (,- ,- ' , ][Vsr ‘[V!.1][d ia g e ^ ''- ']{ C ,1}■̂t.1 if«
(2-40a)
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+ [v s,upper] [diag>vSJ] [diagelu‘] (CJ
= [V „ _ J diagT
s.J
ico -  XS,J
l y ’s.righJ im t u a } e ,w
+ [VS,UPPCT] [diagIsj][d1a g e i- ' ,-,- l,][VJ-| [Vs_1]
diag
i® -  K i. j
[V-'s, ,ngtt] tM]-'{A{e'“ -'






+ [ V ^ ]  [diagXs |] [diag e i- ‘,- '- l'][V J-| [Vs,][diag ] {C,,}«̂_1 it«.
(2-40b)
where co is angular frequency of excitation, {y(t)} is physical displacement vector of 
order n x l ,  {y (t)} is physical velocity vector of order n x  1, Xs- is eigenvalue j of
stage s, j = 1 to 2n, Xs_h] is eigenvalue j of stage s~l, j = 1 to 2n, [Vsupper] is upper
half of modal matrix of order n x 2 n  in stage s, [ V \ rî J  is right half of inverse of 
modal matrix of order 2 n x n  in stage s, [Vs.l uppcr] is upper half of modal matrix of 
order n x 2 n  in stage s-1, [V '^l right] is right half of inverse of modal matrix of order 
2n x n in stage s-1, (C J is stage constant vector of order 2n x 1 which is determined 
by (2-38c) (substituting s+1 by s and s by s-1), and {C^} is stage constant vector 
of order 2nx 1 which is determined by (2-3 8c) (substituting s+1 by s-1 and s by
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s-2). The reader can check equations (2-40a) and (2-40b) to see if {y(t)} and {y (t)} are 
successive at time ts.l5 using equations (2-16a) ~ (2-16d).
2-20
§2.4 Some Noticeable Concepts
For harmonic excitation, let’s see the relation of maximum displacement and 
minimum displacement at one coordinate which will occur when the velocity in this 
coordinate equals to zero. Assume that in the time stage h of one motion cycle the 
velocity in coordinate r equals to zero at time trh,
tfa-l*' tr,h — th •
Then according to (2-40b), there is the following expression:
y ' , ( t a )  =  R e (  [Vh,upper]r diag-
%j
ico — A.hj
IV'VrishJ [M] '{A} e” ,,b
+ [V^ppJ, [diagA-h j] [diag eVjtrh ] {Ch})
= 0 (2-4 la)
where “Re” means taking real part of the solution, [VKupper]r is row r of the upper half 
of the modal matrix in time stage h, [ V \ nght] is the right half of the inverse of the 
modal matrix in time stage h, is eigenvalue j of time stage h, j = 1 to 2n, and
{Ch} is constant vector of time stage h. Suppose that the next time (nearest to tr h) when 
the velocity in coordinate r again equals to zero is tr g = tr h+ x which is in the stage g 
of the same motion cycle
tg-i<tr,8 = tr!h + T<t g .
Then similar to (2-4la), there is
y  , ( \ h + T ) =  R e (  t V a u „ J , diag
g.J i(Dtr h+i(OX
+ [V^ppJr [diagX.g j] [diag eiti,,h+X!-J’ ] {Cg})
= 0 (2-4 lb)
where the subscripts ‘g’ stand for the time stage g.
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If assuming the maximum displacement yr max occur at time tr h, the minimum 
displacement yr must occur at time t^+x in the same motion cycle. So according to 
(2-40a), there are the following expressions:
= y,(W  Re ( [v hUpPCT], diagr
ICO 'h,j
rV’ r̂isht] IMP* {A } ei«tr,h
1
♦ [ V ^ L  [diag e ^ jtrh ] {Ch}) (2-42a)
Yr.min =  Y X W t )  =  R C (  P ^ up perlr diagT
1
ico -  Xgo
[ V \  nJ [M ]- '{ A Je icotr h+iox
+ [VgupfJ t [diagex̂ +x- ']{ C g}), 
where the f  h and x are decided by (2-4la) and (2-4lb). 
Using (2-40b), the addition of (2-4la) and (2-4lb) is
y',(W+ y’r(U+T) =
Re ( [VhuppCT]r diag
X h.j
ico — X (y  VrighJ IM I’^A } e
(2-42b)
+ [V 1L T a, upper J r diag
go
ico -  Xgo
-1 f A  ̂ kotjjj+ior[ V \ nghl] [M] {A} e
+ [ V ^ l ,  [diagA.h j ] [diag e ' l-iI' i ] {Ch}
+ [Vgnpper], [diagAa j] [diag e'',,,’h+Xil']  {Cg})
= Re ( [Yt^per], diag
’h,j




[ V \ ngJ  [M]-'{A}e icatjjj+iert




ico -  X h-l,j
[M]'‘{A} e” 'h
+ [ViwpJ, [diagX8 j] [diag e '̂gj(trJi+T tg-l)l "1-1
diag
1
ico — X g - i j
[ V \ ,  „ J  [M]-1 (A} e*-"
-  [Vb,»pp=]r [diagXh j] [diag e ■̂h,jĈidi tjj_x)
diag
1
ico -  X h,j
[V’̂ rigiJ [M] 1 {A} e i£0th_1
-  [V̂ upperL [diagXg j ] [diag eXg,j(tr ji+T *g-l)
diag t
1
ico -  X gj
-1 f  A \ ¡«Vi[V g,n8hJ IMI (A}e
+  [VKuwCT]r [diagXhj] [diag e ^ — 1] [V j'tV ^ td ia g  e ^ M ] {Ch.,}
+ [VfeupPJ,[d iagX gJ] [diagel-‘"'-‘+' - - ' , ] [Vf]-1[Vg.1] [ d i a g e ^ 1 ] {Cr l})X.., it.
=  0 . (2-43a)
Using (2-40a), the addition of (2-42a) and (2-42b) is
Yr,max Yr,min Yr0-r,h) Yr(^r,h~^^)
R e  (  [Vh,upper]r diag 7ico — X hj
-if * i aicatidi[V-VnghJ[M ]-'iA }e
upper] r diag 7
1
ico — X g,j
[ V ^ J t M m e1 /  A \
it.+ [ V ^ L  [diag e w'-1 ] {CJ
+ [VfeuppCT]r [diage;- v ' ^ ] { C g})
Re ( [VlwpJr diag-
1
ico — A,h.j
1 f  A 1 ^ iratr hiy  trighJ [M] {A} e
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+ rv iL T tLupperJr diagT
1 -1 /  A 1 « ‘“ ^h+iun[ V y W ' { A } e
+ [ V ^ L  [diag ’] [Vh]'[V h,]
diagT
i ®  -  ^ h - l , j
[ V - V ^ n M r 'iA ie '“' -
+ [V „pJ r [diag [V J ‘[VeJ
diagT
1
i<0 -  Ag_1J
[v "'g-i,nght] [M]''{A} e'‘Vl
-  [VMpper]r [d ia g e ^ <,' ‘-,‘-')]
diagT
ico -  XKj
[V-'MgJ  [M]''{A; e1”'"-1




[ V 'U J  [M]‘‘(A} e'“ fl
+ [Vhupper]r [diag e^ (̂ ' >] [ V J 't^ J td ia g  e ^ '  ] {Ch.,}
+ [Ve,uppcr], [diag e ^ (,' ‘+'- '- ')][Vg]-1[V8.1][diag e ^ ' ] {C8.,}).
(2-43b)
Notice that (2-43a) and (2-43b) include both the steady response and the 
transient response. If tr h is fixed, equation (2-43a) can be regarded as x’s equation that 
equals to zero. Since equation (2-43a) and (2-43b) are usually different (unless Xh - =
A, j = 1J  = 1 to 2n), the x that guaranties (2-43a) equal to zero does not generally
make (2-43b) equal to zero. This means that the average of maximum displacement and 
minimum displacement in coordinate r, \ ( yr max + yr min ), is not zero, or, in other
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words, a general piecewise linear damped system will vibrate around the deviated 
position from its static equilibrium as which we take \ ( yr max + yr min), r = 1 to n. This
conclusion is valid for both the steady response and the transient response as it can be 
observed in (2-43b), except for the following cases:
i ) at particular excitation frequency © that makes equation (2-43b) equal to 
zero, since © will change the value of ( yr max + yT mia ) and may make it equal to zero 
incoordinate r when trh and x are fixed by (2-4 la) and (2-4 lb);
i i ) when , j = 1 to 2 n , hence [Vh] = [Vg] ,
K i j  = K i j  , j  = 1 to 2 n , hence \VM] = [VgJ  ,
and so on to the first time stage, 
and when tg_j -  = x ,
tg-2 ~  t h_2 — X ,
and so on to the first motion cycle where the stage constant vectors {C^} and {C^} of
equation (2-43b) are constant for entire motion,
and when x = n I  © ,
thus, according to (2-43b),
if tr h —» oo ,
then Yr,max yr,min  ̂^ •
From the above discussion, it can be deduced that x  ^  7t/© for general cases 
since if  substituting x  by 7x/© in (2-43a) the equation will not equal to zero while tr h 
is determined by (2-4la). This means that the phase difference between maximum
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displacement and minimum displacement in a coordinate is not n for a general 
piecewise linear damped system.
Also, from the above discussion, it is clear that the different excitation frequency 
a) will cause the different deviated position from the static equilibrium, around which 
the system vibrates. Furthermore, if continuing to calculate the {C^} and {C^} of 
equation (2-43b) to the first motion cycle, it can be expected that yr max+ yr mui —» 0 when 
co —» oo and t, h - » °o , as it can be demonstrated in (2-43b). This means that for the 
general piecewise linear damped system the deviated position will trend to original 
static equilibrium position when excitation frequency trends to infinity.
As to velocity and acceleration, by using (2-40a), (2-40b), (2-34a), (2-34b), and 
the derivation of (2-34a), there are conclusions similar to the above discussion. One 
exception is that the average of maximum acceleration and minimum acceleration will 
trend to a certain value, not zero, when excitation frequency trends to infinity. This is 
because the term [M ]1 (X(t)} in (2-34b) will not be cancelled when computing the 
average acceleration of two different linear stages (also x * n  for harmonic excitation).
Now let’s go back to linear systems for which equation (2-43a) and (2-43b) are 
still suitable. As a linear system, it is clear that
K i = K u  = ......= ^hj= ^gj = = ^g-ij= ...... “ V  j -  1 to 2 n ,
SO [VJ = [V^] = ......= [VJ = [VJ = tv,,.,] = [Yg_J = ........
and from (2-3 8c),
{Cs.,} = {CJ = ......= {Ch} = {Cg} = {Ch.,} = {C,,} = ....... = {C}.
Letting t = 7t and using the above equations in (2-43a) and (2-43b) obtains
y', (t,) + y ’ (t,+Jt) = y ,  (Vh) + y ’ (tr,h+7C) - > 0 >
yrj«  + ŷ min = yM  + yA+w) = yr(t,,h) + yt(t,,h+^) - > 0 .
when
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where k = t ^ , for linear systems, is decided by (2-4la). Here we return to a common 
sense that for a linear system the average of the maximum displacement and minimum 
displacement of the steady harmonic response is zero; and the phase difference of the 
maximum displacement and minimum displacement of the steady harmonic response is 
n.
Before ending this chapter let’s discuss the “resonance”. As known, a linear 
damped system will resonate at excitation frequency
where C)r and co r are determined by (2-1 la) and (2-1 lb). For the piecewise linear 
damped system it seems reasonable to expect the peak values of vibration at the 
excitation frequencies that satisfy equation (2-44) where CST and oor are substituted by 
corresponding values in every linear stage. But it is not the truth. The peak values may 
happen at excitation frequency co computed by (2-44), and they may appear at other 
excitation frequencies. The argument is that each cycle of vibration is the result of 
combined motion of series of linear stages. Meanwhile it should be noted that a 
resonance value with heavy C,T is not necessarily greater than a non-resonance value 
with light £ r . For the model to be discussed there is a wide range of the since the 
damping coefficients will vary in a wide range, which will be seen in the next chapter.
r = 1 to n, (2-44)
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Chapter 3
Model o f the Passenger Car
In this chapter, the discussed model is presented in the first section. Then the 
system mass, stiffness, and damping matrixes are derived by using Lagrange’s equation. 
The reaction on the wheels and the excitation to the system are also discussed. Finally, 
after describing the damping case of the model, the last section offers two damping 
matrixes: one with the largest damping coefficients, the other with the smallest damping 
coefficients.
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§3.1 Description of the Model
A real passenger car is a rather complicated system. Some scientists set up a 
model with more than 40 degrees of freedom. Their motivation seems to be: the more 
the better, and therefore to get more recognition. An engineer, however, sets up a model 
with the least possible degrees of freedom, which are decided by the problem to be 
solved. Since this thesis focuses on the piecewise linear damping effect on the coupled 
system, we should build the model into such a case that reflects the effect.
As known, a passenger car body generally performs six motions: three 
rectilinear motions along longitudinal, lateral, and vertical directions, and three 
rotational motions around these directions. The vertical rectilinear motion (bounce) is 
caused by the unevenness of road track. The rotation around the lateral direction (pitch) 
is caused by the combined effect of the wheel base and the road track. The rotation 
around longitudinal direction (roll) will happen when the left road track is different 
from the right, or, when the center of gravity of entire vehicle (including the passenger) 
is not at the longitudinal axis about which the unevenness of left and right road track is 
symmetrical, or, when both the cases exist. The lateral motion and the rotation around 
vertical direction will happen when the vehicle is in turning, and may occur during 
straight running of the vehicle. Their sizes depend on the kind of wheel suspension. In 
order to simplify the model, we omit the two motions. Furthermore, we concentrate on 
uniform running of the vehicle, so the longitudinal vibration is omitted. Based on the 
above reasons, the seat / passenger (human body) is supposed to perform only vertical 
vibration. The wheels, through the unevenness of road track, perform mainly 
oscillations in vertical direction.
The simplified model is drawn from Nissan Pintara Model U12 (made in 
Australia). As shown in Fig.3-1, the model has eight degrees of freedom which include
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the vertical motion of seat /  passenger (human body), uh, the bounce ub, pitch Up, and 
roll u, motions of the car body, and the vertical motions of the four wheels, u^, u^, 
Uw3, and u^. The seat /  passenger (human body) has mass mh which is supported by 
spring k j  and damper d j . Notice that the center of gravity of seat / passenger (human 
body), Gh, is usually not at the Gs, the center of gravity of car body. The car body 
(including the chassis) has mass ms, pitch moment of inertia around Gs, Ip, and roll 
moment of inertia around Gs, I,.. The car body is supported at Point 1, Point 2, Point 3, 
and Point 4 by spring kl5 damper d}, spring k2, damper d2, spring k3, damper d3, 
spring k4, and damper d4. The four wheels have mass mwl, mw2, mw3, and mw4 
respectively. They are connected with the car body through spring k1? damper d1? 
spring k2, damper d2, spring k3, damper d3, spring k4, and damper d4. Also they 
are supported by spring k^, damper d^, spring k^, damper d^, spring k^, 
damper d^, spring k^ , and damper d^. The excitation xl5x2, x3, and x4 are 
executed under spring k,vl, damper d,vl, spring k,v2, damper dw2, spring k,v3, damper 
d̂ ,3, spring k^, and damper d^.
The damper dj has different damping coefficients: dle in extension and dlc in 
compression. So do the damper d2, d3 and d4 which respectively have d2e and d2c, d3e 
and d3c, and d4e and d4c. This is the characteristic of the model which this thesis 
discusses. For convenience of analysis, we set dh, d^, d^, d̂ ,3, and d̂ .4 equal to zero 
so that the characteristic of the model can be demonstrated more clearly.
The yl5 y2, y3, and y4 stand for the motions of Point 1, Point 2, Point 3, and 
Point 4 respectively, which can be considered as the results of combined motions of ub, 
Up, and Ur. The cl5 c2, c3, and c4 locate the Gs, the center of gravity of car body. The 
aj and a2 locate the Gh, the center of gravity of seat /  passenger (human body),
1 1n this thesis the spring name and stiffness coefficient use the same sign.
* In this thesis the damper name and damping coefficient use the same sign.
3-5
relative to Gs. The msg stands for the gravity force of car body, and so mhg for that of 
seat / passenger (human body).
The following data are used for calculation:
— 100 kg
ms = 1000 kg
mwl - 50 kg
mw2 = 50 kg
= 50 kg
mw4 = 50 kg
ip = 800 kg-m2
It = 400 kg-m2
= 0 N-s/m
die = 3790 N-s/m
die — 880 N-s/m
2̂e = 3790 N-s/m
2̂c - 880 N-s/m
3̂e - 2450 N-s/m
3̂c — 820 N-s/m
4̂e = 2450 N-s/m
4̂c = 820 N-s/m
^wl = 0 N-s/m
dw2 - 0 N-s/m
d\v3 = 0 N-s/m
dw4 = 0 N-s/m
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K 10000 N/m
ki = 21600 N/m
k2 = 21600 N/m
kß = 21600 N/m
k3 = 21600 N/m
kwi = 100000 N/m
kw2 = 100000 N/m
kW3 = 100000 N/m
kW4 = 100000 N/m
Ci = 1.25 m
c2 = 1.25 m
C3 = 0.7 m
C4 = 0.7 m
= 0, 0.3 m
ÍÍ2 0, 0.4 m
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§3.2 Derivation of the System Equation
As shown in Fig.3-1, all the rectilinear and angular displacements are measured 
from the system static equilibrium position. The displacement and velocity of Point Gh, 
Point 1, Point 2, Point 3, and Point 4 can be expressed as follows:
yGh = «b + a1up + a2uT; (3-la)
yGh = ub+aiUp+ a 2u'r ; (3-lb)
yi = ub + CiUp + c3uI ; (3-2a)
yi = u b+ c. Up + c 3u; ; (3-2b)
y2=Ub + c,up- c 4ur ; (3-3a)
y2= u b+c,  up- c 4u;; (3-3b)
y3= u b- c 2up + c,uT; (3-4a)
y'3 = u b- c 2up+ c 3u r; (3-4b)
y4= Ub ~ CjUp -  c4u , ; (3-5a)
y't = Ub~c2up- c 4u;. (3-5b)
The system kinetic energy is
T = | m „ u h2 + j m X 2 + j l p u '2 + I ru 'I2
'21 1 7 1 7 1 .
^  m wl U W1 2  ^Tv2 ^ w 2 2  ^w 3 2  ^ w 4  ^ w 4 * (3-6a)
If taking the potential energy in static equilibrium position as zero-energy reference, the 
system potential energy will be
p = \ K (  Ub -  y«, f  + ( yi -  Uwi)2 + | k > (  y2 -  u^ )2
+ | k 3( y3 -  O 2 + | k 4( y4 -  O 2 + \ ( “»i “ xi)2
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+ ykw2( u W2 _ x2)2+ y k w3( u W3 - x 3)2+ “ k ^ f u ^ - ^ ) 2. (3-6b)
In every linear stage, the system Rayleigh dissipation function is
R = | d k( u h-  yGh)2 + | d , ( y ; -  uwl)2 + | d 2 ( y 2 - u w2)2
+ ^ ( y j -  «»j)2+ ^ d 4 (y4-  uw4)2 + y d wl( u wl-  x',)2
+ \  u w2 -  x2 f  + j  d„3( uw3 -  xj )2 + j  dJt uw4 -  x4 )2 (3-6c)
where d l5 d2, d3 and d4 stand for the damping coefficients at that linear stage and are 
decided by the extension / compression of the damper 1, 2,3, and 4 respectively. 
Substituting (3-la) ~ (3-5b) into (3-6a), (3-6b), and (3-6c), and deriving (3-6a), (3-6b), 
and (3-6c), there are the following expressions:
ÔT
,  = 0 , duh
(3-7a)
ÔT ,
,  ■ = m huh , 
3uh
(3-7b)
d ÔT . 
dt duh mhUh ’
(3-7c)
a. “ k t iU b- Uf c -a ^ - a jU , ) ,
duh
(3-7d)























-  khuh + ( kj + k2 + k3 +kj + k j  ub
+ (kjCj + k2Cj ~ k3c2 ~ k ^  + kjjSj ) up 
+ (^ 1̂ 3 — ^2̂ 4+ k3c3 ~ k4c4 + khÜ2 ) Uj
-  k -  k ^  -  -  k ^  ,
-  dh uh+ ( dj + d2 + d3 +d4 + dh)u b 
+ (d1c1 + d2Cj -  d3c2 “ d4c2 + dhaj ) up
(^lC3 ~ ^2C4 + 4îC3 ~ ^4C4 )u r




~ ~*" ( îCj + k2Cj~ k3c2 _ k ^  + k^aj) ub
+ (ktcf + k2cf + k 3c2 + k4c2 + k hai)Up 
“f- ( kjCjC3 k2CjC4 k3c2c3 k4C2c4 “i- kha1a2 ) Uj. 
~ k ^ u ^ -  k2c1uw2+ ^ 021̂ 3+ k4c2uw4,
_ d ^  uh + ( djCj + ĉ Cj ~ d3c2 ~ d4c2+ d^j) ub
+ (diCj + d2Cj + d3c2 + d4c2 + dha 1 )u^







Uwl ^2Cl U w2+  ^3C2 Uw3+  ^4C2 Uw4 ’ (3 -9 e )
d T
au _ 0 ,r
(3-10a)
Ô T  ,
a. ' = I rUr -3ur
(3-10b)
d aT „
dtau' r _I,Ur ’
(3-10c)
ap
,  = kt^u,, + ( k,cj k2c4+ k 3c3 k4c4 + ub 
5ur
+ ( k1c1c3 ~ k2c1c4 — k3c2c3 + k4c2c4 + k^a^  ) up
+ (kj c3 + k2c4 + k 3e3 + k 4c4 + kba2)u,
-  k,c3uwl + k2c4u^2 -  k3c3uw3+ k . c ^  , (3-1 Od)
aR ,
. — dha2Uh+ ( d,c3 djC4+ d3c3 d4c4+ dfla2)u b 
5ur
+ ( djC!C3 -  — d3c2c3 + d4c2c4 + d^a^  )u p
(di c3 + d2c4 + d3c3 + d4c4 + dha2 )u r
— djC3 u wl + d2c4 u w2 d3c3 uw3 + d4c4 uw4 , (3-10e)
aT „




' mwi uwl , 
ÖU.1
(3-1 lb)
d aT _ .
j * ' mwi uwj ,
dt auwl
(3-1lc)
ap^ -  k¡ub -  k,c,iL -  k , ^  + ( k, + k^ ) u*, -  k ^ x , ,
Suwi
(3-1 Id)
aR , , , ,
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au ® w 3 ^  w3 »w3
d aT
dt au ^kv3 ^  vv3 »w3
ap
au











au I î lVv4 ^  w4 ’w4
d a T
dt au m w4 ^  w4 ’w4
ap
au



















d4ub+ d4c2up+ d4c4U + ( d4 + )u w4 -  x4 (3-14e)
Since there is no other non-conservative force besides the dampening force, the 






where u is generalized coordinate: uh, ub, Up, u^, u^, u^, u^; and u is 
generalized velocity: uh, u b, u p, u r, uwl, uw2, uw3, uw4.
Substituting (3-7a) ~ (3-7e), (3-8a) ~ (3-8e), (3-9a) ~ (3-9e), (3-10a) ~ (3-10e), 
(3-1 la) ~ (3-1 le), (3-12a) -  (3-12e), (3-13a) ~ (3-13e), and (3-14a) ~ (3-14e) into 
(3-15) respectively, obtains the system equation
[M] { u "} + [D] {u } + [K] { u } = { X } 
where each term has its meaning as the following indicates:
(3-16)







































X2 + d w2X2
x3 + d w3x3 
x4 “f" dw4x4
m h 0 0 0 0 0 0 0 '
0 m s 0 0 0 0 0 0
0 0 Ip 0 0 0 0 0
mass matrix [M] =
0 0 0 IT 0 0 0 0
0 0 0
r
0 m w l 0 0 0
5
0 0 0 0 0 m w 2 0 0
0 0 0 0 0 0 m w 3 0






K -K k ha,
-K k , + k : 2 +  k 3 + k 4 C i ( k ,  +  k 2) — c 2( k 3 +  k 4) +  k j ^ j
-  k ha, c , ( k ,  +  k 2) ~ c 2( k 3 +  k 4) + k ha| c ? (k , +  k 2) + c 2( k 3 +  k 4) +  k haf
- k ha 2 e 3( k , + k 3) - c 4( k 2 +  k 4) +  k ha 2 k , c , c 3 - k 2c ,c 4 - k 3c 2c 3 +  k 4c 2c 4 +  k ha,a.
0 ~ k > - k , c ,
0 - k 2 - k 2c,
0 ~ k s k 2c 2
0 ~ k 4 k 4C2
damping matrix
[D] =
d h - d h - d ha,
- d „ d , + d 2 +  d 3 +  d 4 c , (d ,  +  d 2) - c 2( d 3 +  d 4) +  d ha,
- d ha, C|(dj +  d 2) —c 2( d 3 + d 4) +  d ha, c,2( d , + d 2) +  c { ( d 3 +  d 4) +  d ha?
-  d ha 2 c 3(d, +  d 3) - c,((d2 +  d 4) +  d ha 2 d ,c ,c 3 -  d 2c , c 4 -  d 3c 2c 3 +  d 4c 2c 4 +  d ha,a .
0 - d , - d , c ,
0 _ d 2 - d 2c,
0 - d , d 2c 2
0 “ d 4 d 4c 2
-kha2 0 0 0 0
c3(k, +k3)-c4(k2 +k4) + kha2 - k, ~k2 "k3 k4
k,c,c3 - k2c,c4 - k3c2c3 + k4c2c4 + kha,a2 -M, -ICjC, M2 k4C2
c3(k, +k3) + c4(k2 +k4) + kha2 -Ms M 4 — k3®3 M4
" klC3 kl +kwl 0 0 0
k2C4 0 k2 kw2 0 0
-M 3 0 0 k3+kw3 0
M4 0 0 0 k4 + k,
(3-18c)
-dha2 0 0 0 0
c3(d, +d3)-c4(d2 +d4) + dha2 -d, -d2 -d3 -d4
d,c,c3 -d2c,c4 -d3c2c3 + d4c2c4 +dha,a2 -d,c, -d2c, d3c2 d4c2
c3(d, +d3) + c4(d2 +d4) + dha2 -djC3 d2c4 -d3c3 d4c4
-d,c3 d, +dwl 0 0 0
d2c4 0 d2+dw2 0 0
-d3c3 0 0 d3 + dw3 0




Notice that equation (3-16) is just for one linear stage because the Rayleigh dissipation 
function (3-6c) is for one linear stage. The entire cycle of vibration is the collection of 
the responses of all the linear stages, as indicated in §2 .3 .
For the model data provided in §3.1, the mass matrix is
'100 0 0 0 0 0 0 O'
0 1000 0 0 0 0 0 0
0 0 800 0 0 0 0 0
[M] = 0 0 0 400 0 0 0 0
0 0 0 0 50 0 0 0
0 0 0 0 0 50 0 0
0 0 0 0 0 0 50 0
0 0 0 0 0 0 0 50
the stiffness matrix is
' 10000 -10000 -3000 -4000 0 0 0 0
-10000 96400 3000 4000 -21600 -21600 -21600 -21600
-3000 3000 135900 1200 -27000 -27000 27000 27000
[K] = -4000 4000 1200
43940 -15120 15120 -15120 15120
0 -21600 -27000 -15120 121600 0 0 0
0 -21600 -  27000 15120 0 121600 0 0
0 -21600 27000 -15120 0 0 121600 0
0 -21600 27000 15120 0 0 0 121600
The damping matrix will be different for different linear stages, which will be discussed
in §3.5.
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§3.3 Reaction on the Wheels
Referring to Fig.3-1, the reaction on each wheel will be the addition of the static 
loading and the dynamic loading. The static loading includes the weight of each wheel, 
the weight of car body which is supposed to be evenly distributed among the four 
wheels, and the weight o f seat / passenger (human body), calculated as the following. 
The weight of seat / passenger (human body) on wheel 1 
m h g f ^ + a j X ^ + a j )
Wlh =
(Cl + C2 )(c3 + c4)
the weight o f seat / passenger (human body) on wheel 2 
mhg(c2 + a 1)(c3 -  a2)
W2h = (Cj + c2)(c3 + c 4)
the weight of seat /  passenger (human body) on wheel 3
m h g ( c i ~ a i ) ( c 4 + a 2 )
W3h = (C!+C2)(C3 +C4)
the weight of seat / passenger (human body) on wheel 4 
mhg(c i ~ a 1)(c3 - a 2)
W4h (c, + c2)(c3 + c 4)
So static loading on wheel 1
„  , 1  . . . mhg(c2 +a,)(c4 + a 2)
Nls = ( — ms + mwl)+  —;-------------------:—ls v4 s (Cl+ c 2)(c3 + c 4)
static loading on wheel 2
. .  J  . . . «>bg(c2 +a, ) (c3 - a 2)
static loading on wheel 3
„ , 1  . . . mhS(ci - aiXc 4 +a2) .








static loading on wheel 4
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XT = , I m +m  1 1 1 ^ (0 ,-3 0 (0 3 -3 ;)
4S ( 4  m, mw4) (Ci+C2)(c3+C4) • (3-20d)
Referring to Fig.3-1, the dynamic loading on each wheel is calculated as: 
dynamic loading on wheel 1
Nld = Ki  ( Xj -  ) + d^ ( x ; - u wl);
dynamic loading on wheel 2
N2d = kw2( x2 “ Uw2) + dw2(x 2-  uw2);  
dynamic loading on wheel 3
N3d = kw3 ( x3 -  ) + dw3 ( x 3- u w3) ;
dynamic loading on wheel 4





Therefore the total reaction on wheel 1
Nt = Nls + Nld; (3-22a)
the total reaction on wheel 2
N2 = N2s + ; (3-22b)
the total reaction on wheel 3
N3 = N3s + N3d; (3-22c)
the total reaction on wheel 4
N4 = N4s + . (3-22d)
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§3.4 Excitation to the System
The excitation is from the unevenness of the road track which is approximated 
as sinusoidal, so the excitation functions to the system can be supposed as (referring to 
Fig.3-1):
Xj = A sin (cot + cpj ; 
x2 = A sin (cot + <p2) ; 
x3 = A sin (cot + cp3) ;





where A is excitation amplitude, and co is excitation frequency which is calculated as
G ) =  2 7 1 V  / L (3-24)
where v is car velocity and L is wave length of sinusoidal road track. The <pl5 (p2, cp3, 
and q>4 are initial phase angles of excitation, which result from the wheel base and the 
phase difference of excitation between left wheels and right wheels. The wheel base 
causes phase difference of excitation between front wheels and rear wheels since the 
rear wheels run in the same road track as the front wheels but in a later time. This phase 
difference, cp13, is calculated as:
cp13 = 2n (ct + c2) / L (3-25)
where c,+ c2 is wheel base (referring to Fig.3-1).
In addition, as indicated in §3.1, we set phase difference of excitation, q>12, between 
left wheels and right wheels. Thus the initial phase angles of excitation to each wheel 
are calculated respectively as
(pL = (p!; (3-26a)
<p2 = <Pi “  <Pi2 ; (3-26b)
(p3 cpj cp13, (3-26c)
3-1 9
^ 4  $2 13 ^*3 12 *Pl 12 13 •
The excitation to each wheel is set according to the following data: 
A = 0.01 m , 
v = 1 ~ 80 m/s ,
L = 2.5, 5 m ,
Cj = c2 = 1.25 m , 
q>! = 0 rad, 
cp12 = 0, n il r ad .
So there will be different excitation caused by different data.
(3-26d)
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§3.5 The Piecewise Linear Damping
In §3.1 it is indicated that the damping coefficients d}, d2, d3 and d4 have 
different values which depend on the direction of the relative velocity between point 1 
and mass mwl, point 2 and mass mw2, point 3 and mass mw3, and point 4 and mass 








y i - u wl > o + 
y’i - u wl<o_ ’
y2 -  u 'w2 > o+ 
y2 -  u w2 < o_ 5
y 3 -  uw3 ^ o+ 
y3 -  uw3 ^ °- ’
y4 -  u w4 ^ ° + 





where CL stands for zero after experiencing a positive value, and 0_ stands for zero 
after experiencing a negative value. For instance, equation (3-27a) means that if the 
relative velocity y\ -  uwl is positive or equals to zero after experiencing a positive 
value, the damping coefficient = die; and if the relative velocity y\ -  u wl is 
negative or equals to zero after experiencing a negative value, the damping coefficient 
dj = dlc. Since any change of damping coefficients in one of the four dampers will 
cause the change of the system damping matrix, there are may be up to 2 x 2 x 2 x 2 = 
16 damping matrixes in a motion cycle for the discussed model. Not all of them, 
however, will appear for a certain vibration. It depends on how the excitation is applied 
and how the model is built. If we set initial phase difference of excitation between left 
wheels and right wheels equal to zero, cp12 = 0, then from (3-23a) ~ (3-23d) and (3-26a)
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~ (3-26d), there are xL = x2 and x3 = x4 . Meanwhile if a2 = 0, then we obtain a model 
symmetrical about the longitudinal axis. Therefore, the left side and right side of the 
model will be in identical motion (no any roll movement). In this case there are 2 x 2  = 
4 damping matrixes at most in one motion cycle.
The following is the damping matrix [D]max that has the greatest damping 
coefficients in damper 1 ~ damper 4 (aj = 0.3 m, a2 = 0.4 m):
P I
0 0 0 0 0 0 0 0
0 12480 3350 0 - 3 7 9 0 - 3 7 9 0 - 2 4 5 0 - 2 4 5 0
0 3350 19500 0 - 4 7 3 8 - 4 7 3 8 3062 3062
0 0 0 6115 -2 6 5 3 2653 -1 7 1 5 1715
0 - 3 7 9 0 - 4 7 3 8 -2 6 5 3 3790 0 0 0
0 - 3 7 9 0 - 4 7 3 8 2653 0 3790 0 0
0 - 2 4 5 0 3062 -1 7 1 5 0 0 2450 0
0 - 2 4 5 0 3062 1715 0 0 0 2450
Also, the following is the damping matrix [D ]^  that has the smallest damping 
coefficients in damper 1 ~ damper 4 (at = 0.3 m, a2 = 0.4 m):
0 0 0 0 0 0 0 0
0 3400 150 0 - 8 8 0 - 8 8 0 -8 2 0 - 8 2 0
0 150 5312.5 0 -1 1 0 0 -1 1 0 0 1025 1025
0 0 0 L666 - 6 1 6 616 - 5 7 4 574
0 - 8 8 0 - 1 1 0 0 - 6 1 6 880 0 0 0
0 - 8 8 0 - 1 1 0 0 616 0 880 0 0
0 - 8 2 0 1025 - 5 7 4 0 0 820 0
0 - 8 2 0 1025 574 0 0 0 820
T h e  e ig e n v a lu s  c o r r e sp o n d in g  to  [D ]max are
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-71.85
-  25.76 +40.65 i 
-25.76-40.65 i 
-26.29 +34.53 i 
-26.29-34.53 i 
-37.02 +10.8 i 
-37.02-10.8i 
-9.44+ 20.18 i 
-9 .4 4 -  20.18 i ' 
—1.05 + lO.Oli 
—1.05 —10.01 i
— 3.85 + 8.98 i
— 3.85 — 8.981 
-7.06 +9.98 i 
-7 .06-9 .98 i
-8.98
Notice that there are two real eigenvalues -71.85 and -8.98 which separate from a 
pair of complex conjugate. The real eigenvalue means that the modal damping ratio 
equals to 1 ( greater than critical value 0.707) and so there is no vibration in this mode. 
The eigenvalus corresponding to [D]min are
-2.0926+11.79131
-2.0926-11.7913i




-1.2927 + 9.10411 
-1.2927-9.104H
‘ -9.7445 +47.7461i '
-  9.7445-47.746 li 
-8.3889 + 48.5695 i 
-8 .3 8 8 9 -48.5695i
-  8.9132+ 48.2079i
-  8.9132-48.2079i 
-9.2964 + 48.1071i 
-9.2964-48.10711
From the eigenvalues we can compute the ©r and £r of each linear stage by (2­
1 la) and (2-1 lb); and so by (2-44) and (3-24) we can compute the car velocity
(3-28)
at which resonance may or may not happen as indicated in §2.4.
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As shown from the above, the eigenvalues are all distinct in the discussed model. 
Please check all eigenvalues of all 16 possible sets and related cor, and v computed 
by (3-28) in Result 1 and Result 2 of Program “eigv” in Appendix C. The eigenvalues 
are calculated by using MATLAB which will be introduced in the next chapter.
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Chapter 4
Method o f the Numerical Calculation
This chapter introduces MATLAB and Runge-Kutta method, and then presents 




The professional version of MATLAB 5.1 is used for the numerical analysis. 
‘MATLAB is a high-performance language for technical computing. It integrates 
computation, visualization, and programming in an easy-to-use environment where 
problems and solutions are expressed in familiar mathematical notation.’ ‘MATLAB is 
an interactive system whose basic data element is an array that does not require 
dimensioning. This allows you to solve many technical computing problems, especially 
those with matrix and vector formulations, in a fraction of the time it would take to 
write a program in a scalar non-interactive language such as C or FORTRAN.’(Dunae 
Hanselman & Bruce Littlefild 1995)
‘Perhaps the easiest way to visualize MATLAB is to think of it as a full-featured 
calculator. Like a basic calculator, it does simple math such as addition, subtraction, 
multiplication, and division. Like a scientific calculator, it handles complex numbers, 
square roots and powers, logarithms, and trigonometric operations such as sine, cosine, 
and tangent. Like a programmable calculator, it can be used to store and retrieve data; 
you can create, execute, and save sequences o f commands to automate the computation 
of important equations; you can make logical comparisons and control the order in 
which commands are executed. Like the most powerful calculators available, it allows 
you to plot data in a wide variety of ways, perform matrix algebra, manipulate 
polynomials, integrate functions, manipulate equations symbolically, and so on. In 
reality, MATLAB offers many more features and is more multifaceted than any 
calculator. MATLAB is a tool for making mathematical calculations. It is a user- 
friendly programming language with features more advanced and much easier to use 
than computer languages such as BASIC, Pascal, or C.’(Dunae Hanselman & Bruce 
Littlefild 1995)
4-3
For example, the following two matrixes
A =
1 2 
3 4 ’ B =
5 6 
7 8 5
can be input in MATLAB as
A = [ 1 2 ; 3 4 ],
B = [ 5 6 ; 7 8 ],
or, as
A = [ 1 2
3 4 ],
B = [ 5 6
7 8 ].
For operation A'*B , we can write
i nv (A)  *B
or simply
A\B .
For eigenvalue problem of A , we can use the following command
[ V , E ] = e ig  ( A )
which creates a matrix V with columns equal to the eigenvectors of the matrix A and 
a diagonal matrix E with diagonal elements equal to the eigenvalues of the matrix A . 
The three matrices V , E , and A satisfy AV = V E . As we have seen, MATLAB 
really is a simple-to-manipulate high-level language.
There are several other dynamic simulation programs such as “Simulink” and 
“Working Model”. All of these standard packages have their limitations. For the 
analysis of the piecewise linear damped system, it is more flexible to use MATLAB 
than to use other software.
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§4.2 Runge-Kutta Method
Now let’s discuss the numerical method for simulation. From equation (2-3c), 
the state-space equation can be written as the following form:
{z }= [S] (z} + {F(t)} (4-1)
where {z}, [S], and {F(t)} has the same meaning as in (2-3c). Suppose that {Zp} is the 
response at t = tp and {Zp+1} is an approximation for {z} at t = t ^  = tp + A . By using 
forward differences
i Z p+l } - { Z p } d{z}
A v dt
(4-2)
and substituting it into (4-1), there is
{ V i } = ( I  + A[ S ] ) { Zp }+ A {F (y } .  (4-3)
This is Euler’s method. Choosing the proper finite-difference approximation is 
important for the accuracy of numerical analysis. Hence the finite-difference equation 
(4-2) is modified. The fourth-order Runge-Kutta formula is used for the modification, 
and so the right side of equation (4-2) is expressed as
RK = ¿RK, + iR K 2 + ¿RK3 + ¿RK4 (4-4a)
where
RK, = [S] {Zp} + (F(tp)}, (4-4b)
RK2 = [S ]({zp} + i A x R K 1 )+ { F (V 1/2)}, (4-4c)
RK3 = [S] ( {zp} + i A x R K 2) + {F(V,n)}, (4-4d)
RK4 = [S ]({ zp} + A x RK3 )+{F(V ,)}. (4-4e)
Substituting d{zn
dt J t=t„
of (4-2) by R K , there is the fourth-order Runge-Kutta formula
{Zp.,} = {Zp} + A X RK (4-5)
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where RK is defined by (4-4a) ~ (4-4e).
For the piecewise linear damped system, the [S] in (4-4b) ~ (4-4e) is calculated 
at the stage corresponding to the time tp .
For linear systems, the result is accurate to the fourth order in A. For the 
discussed nonlinear case, it is convenient to adopt the “convergence-check” method in 
order to determine the time step A (and so the result accuracy). For example, if the 
accuracy is set to the fourth digit right of the decimal point, several time steps are 
required to try until two results are identical to the forth digit right of the decimal point. 
For the discussed model, it is observed that the results of A = 0.001 and A = 0.0005 
are identic to the fourth digit right of the decimal point. Thus, the time step is taken as 
0.001 .
The details of the derivation of the above equations can be found in most 
numerical analysis books and are omitted here.
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§4.3 Calculation of the Time Domain Responses
The following steps are used to compute the time domain responses which 
include curves of displacement vs. time, velocity vs. time, acceleration vs. time, velocity 
vs. displacement (phase plot), reaction on every wheel vs. time, and damping coefficient 
vs. time in damper 1,2, 3, and 4.
STEP 1 : Input the system data provided in the end of §3.1 and the excitation 
data provided in the end of §3.4. Input the initial displacement and velocity of every 
coordinate, which are set as zero initial condition in every coordinate. Input time 
interval and time step.
STEP 2: Calculate mass matrix and stiffness matrix according to (3-18b) and (3- 
18c). Calculate static reaction according to (3-20a) ~ (3-20d).
STEP 3 : Construct time vectors according to time interval and time step. There 
are two time vectors with the same time step: one starts from initial time and ends at 
final time, which is used to compute (F(tp)} of (4-4b); the other starts from half time 
step after initial time and ends at half time step before final time, which is used to 
compute {F(tp+1/2)} of (4-4c) and (4-4d). Construct excitation vector according to (3-23a) 
~ (3-23d) and excitation force vector according to (3-18a) with respect to the time 
vectors.
STEP 4: Calculate the first time step values: displacement, velocity, and reaction 
at initial time. For the initial damping under zero initial conditions, it is reasonable to 
take the average damping coefficient of extension and compression. Put the results in 
the first column of respective matrixes allocated.
STEP 5: Using the results of previous time step, compute damping matrix 
according to (3-18d); compute state-space matrix according to (2-4a).
STEP 6 : Using the results of previous time step, compute RKt, RK2, RK3, RK4, 
and RK according (4-4a) ~ (4-4e); compute displacement and velocity according to (4­
5); compute acceleration according to (3-16); compute dynamic reactions according to 
(3-2 la) ~ (3-2 Id). Put the results in the column of corresponding time step of 
respective matrixes allocated.
STEP 7: Using the results of previous time step, compute damping coefficients 
according to (3-27a) ~ (3-27d). Put the results in the column of corresponding time step 
of matrix allocated. Go back to STEP 5 until the final time step.
STEP 8: Plot and print the results from the stored matrixes.
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§4.4 Calculation of the Amplitude-Frequency Responses
The following steps are used to compute the amplitude-frequency responses, 
which include curves of displacement vs. car velocity, velocity vs. car velocity, 
acceleration vs. car velocity, and reaction on every wheel vs. car velocity.
STEP 1: The same as STEP 1 in §4.3 except for car velocity and final time 
which will be input later.
STEP 2: The same as STEP 2 in §4.3.
STEP 3: Input the range of car velocity and set velocity step. Input final time 
according to the range of car velocity since the lower the car velocity the longer the time 
we need in order to get steady response.
STEP 4: The same as STEP 3 in §4.3.
STEP 5: The same as STEP 4 in §4.3.
STEP 6: The same as STEP 5 in §4.3.
STEP 7: The same as STEP 6 in §4.3.
STEP 8: The same as STEP 7 in §4.3.
STEP 9: Find the maximum and minimum values of physical magnitudes we 
concern in the time interval. Put the results in the column of corresponding velocity step 
of respective matrixes allocated. Go back to STEP 3 until the final velocity step.
STEP 10: Plot and print the results from the stored matrixes.
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§4.5 Calculation of the Phase-Frequency Responses
The calculation of phase-frequency response is a little more complicated than 
that of amplitude-frequency response. It requires to choose the response point (the point 
of the response curve), to compare it with the reference point (the corresponding point 
of the excitation curve) within a cycle period, and to calculate the phase difference 
between the two points (within a cycle period). Since the curves consist of discrete 
points, it is possible to choose the point equal or closest to zero as the reference point of 
the harmonic excitation curve. Also, it is possible to choose the point equal or closest to 
the average of the maximum and the minimum responses as the response point because 
for the discussed case the average of the maximum and the minimum responses is 
usually not zero as indicated in §2.4. Thus the chosen response point should be between 
half step (A/2) above and half step below the average of the maximum and the minimum 
responses. Similarly the chosen reference point should be between half step (A/2) above 
and half step below zero.
As indicated in §2.4, the phase difference between the maximum and the 
minimum responses is usually not equal to n. It can be deduced that the phase difference 
between two adjacent average points of the maximum and the minimum responses is 
not necessarily equal to 7i; and if one average point has phase difference greater than ti 
with its previous adjacent average point, then it will have phase difference less than it 
with its following adjacent average point, and the addition of the two phase differences 
is 2n. Meanwhile the reference point of harmonic excitation curve has no such problem. 
Therefore, we must decide what point should be taken as the response point. Here the 
points in the increasing periods of the response curve and excitation curve are taken as 
the response point and the reference point respectively.
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There is more to be considered: the accuracy. If the response point is above or at 
the average of the maximum and the minimum responses and the reference point is 
above or at zero, or, if  the response point is below or at the average of the maximum and 
the minimum responses and the reference point is below or at zero, then the phase 
difference between the two points can be taken as the wanted result. In this case the 
accuracy is ©A/2 (not including the accumulated errors). If the response point is above 
the average of the maximum and the minimum responses and the reference point is 
below zero, or, if the response point is below the average of the maximum and the 
minimum responses and the reference point is above zero, in order to keep the accuracy 
ooA/2 , we should subtract coA/2 from or add coA/2 to the phase difference between 
the two points as the wanted result. In phase-frequency response the time step is A = 
0.0005 seconds. The accuracy is ±1.44° for the car velocity v = 80 meter/second and 
the wave length of sinusoidal road track L = 5 meter.
Finally, suppose that the response curve is lag from the excitation curve. So the 
result should be set within -180° ~ +180° .
The rest calculations of the phase-frequency response are similar to that of the 
amplitude-frequency response.
The phase-frequency responses of u^ ~ xl5 u^  ~ x2, u^  ~ x3 and u^  ~ x4 will 
be presented in the next chapter.
Please refer Appendix B for corresponding programs of this chapter.
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Chapter 5
Discussion of the Simulation Result
This chapter presents and discusses the following curves of simulation results:
(i) the time domain responses which include the curves of displacement ~ time, 
velocity ~ time, acceleration ~ time, damping ~ time, and velocity ~ displacement 
(phase plot);
(ii) the frequency domain responses which include the curves of displacement, 
velocity, acceleration, and phase lag of wheels from corresponding excitation versus car 
velocity;
(iii) the reaction on the wheels and the relative displacement between excitation 
and wheels versus time and car velocity;
(iv) the human body (seat /  passenger) acceleration versus human body (seat / 
passenger) location in the car.
Figures of (i), (ii), and (iii) are calculated and plotted in two conditions: 
Condition 1: phase lag of excitation 2 from excitation 1: J12 = n il rad, 
wave length of sinusoidal road track: L = 5m , 
passenger’s location: al = 0.3 m, a2 = 0.4 m;
Condition 2: phase lag of excitation 2 from excitation 1: J12 = 0 rad, 
wave length of sinusoidal road track: L = 2.5 m, 
passenger’s location: al = 0 m, a2 = 0 m.
In all figures of this chapter, the v stands for car velocity as in chapter 3; the 
J12 stands for phase lag of excitation 2 (and 4) from excitation 1 (and 3), substituting
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cp12 in chapter 3; the L stands for wave length of sinusoidal road track as in chapter 3; 
the a l stands for ^  inFig.3-1; and a2 stands for 2̂  in Fig.3-1. In this chapter, the 
human body has the same meaning as the seat / passenger, or simply, the passenger.
The following abridged forms are used to stand for corresponding meanings in 
all figures of this chapter:
disp. stands for “displacement”,
velo. stands for “velocity”,
acce. stands for “acceleration”,
loca. stands for “location”,
excit. stands for “excitation”,
max. stands for “maximum”,
min. stands for “minimum”,
aveg. stands for “average”,
vs. stands for "versus".
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Fig.5-1 Damping 1 and 2 vs. time at v = 20 m/s, J12 = tt/2 rad, L = 5m, al = 0.3 m, 
a2 = 0.4 m. Solid lines: the changes of damping coefficients; dash-dot lines: the average 
of the damping coefficients; dash lines: the relative velocity y^-u^ and y 2- u 2 whose 












































































































Fig.5-2 Damping 3 and 4 vs. time at v = 20 m/s, J12 = tU2 rad, L = 5 m, al = 0.3 m, 
a2 = 0.4 m. Solid lines: the changes of damping coefficients; dash-dot lines: the average 
of the damping coefficients; dash lines: the relative velocity y 3- u 3 and y 4- u 4 whose 
unit is not shown in the figure.
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Fig.5-4 Time domain responses of bounce at v = 20 m/s, J12 = tc/2 rad, L = 5 m, 
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(c) bounce acce. vs. time at v=20m/s,J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
- 0.2
, I J ~ : ! 1 ! 1 !
\ ; j
J
j \  ■  ̂ : : : • • j
/ 1
\ ! i \ l \  \ i / 1 j  1 :/j
, t * i 1 - i 1:1 1 : 1 1
f  ! \ ii :/l 1 :/i /! i/l /i 
7i...f i ..n.. f i ..n r;... ft.. f r .n...ft...fl! ! i 3 \ j i ;i j : i  3 / 1 j ;! 1 1 -1 I1 ft ii ! / S ' / : j | : ; I ;j ; * t | \ 1. \ 1 ! i » ! j i i j  1 1 1 v 41 ! ‘ ■ i r;1 1 if : V ‘ * ; f • i. i l i . i i 1 j f | f  j s j f I i! i f i \  f  1 f !.fj\ j n r ..m ? l; >/ 1/: V V v •/ v v/1 v 1/ ;i 'J fi ■ i i
m ........... ...................  " 1*
! V
- 0.6






















pitch angular velocity (rad/s)
tim
e (s)












n o o no"I ~ 'T"
r—'—t- 




















































ain responses of pitch at v = 20 m
/s, J12 = n!2 rad, L =
tim
e (s)
roll angular acceleration (rad/s2)
P o























I 1 I I I
O i -N  CO K > O
°  ~i—...i.... . r* i i i























































ain responses of roll at v = 20 m
/s, J12 = n/2 rad, L
5-9
ig.5-7 Time domain responses of wheel 1 at v = 20 m/s, J12 = ti/2 rad, L = 5 m, 
1 = 0.3 m, a2 = 0.4 m.
(a) wheel 1 disp. vs. time at v=20m/s,J12=pi/2rad,L=5m,a1=0.3m.a2=0 4m 
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(c) wheel 1 acce. vs. time at v=20m/s,J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
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Fig.5-8 Time domain responses of wheel 2 at v  = 20 m/s, J12 = tt/2 rad, L = 5 m, 
al = 0.3 m, a2 = 0.4 m.
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Fig.5-9 Time domain responses of wheel 3 at v  = 20 m/s, J12 = n/2 rad, L = 5m , 
al = 0.3 m, a2 = 0.4 m.
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F ig .5-10  Time domain responses of wheel 4 at v = 20 m/s, J12 = tt/2 rad, L = 5 m, 









(a) wheel 4 disp. vs. time at v=20m/s,J12=pi/2rad,L=5m,a1=0.3m!a2=0.4m
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Fig.5-11 Phase plots of human body and bounce at v = 20 m/s, J12 = n/2 rad, L = 5 m, 
al = 0.3 m, a2 = 0.4 m.
(a) humanbody phase plot at v=20m/s,J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
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Fig.5-12 Phase plots of pitch and roll at v = 20 m/s, J12 = tc/2 rad, L = 5 m, al = 0.3 m, 
a2 = 0.4 m.
(a) pitch phase plot at v=20m/s,J12=pi/2rad,L=5m,a1=0.3m.a2=0.4m
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Fig.5-13 Phase plots of wheel 1 and wheel 2 at v = 20 m/s, J12 = id! rad, L = 5 m, 
al = 0.3 m, a2 = 0.4 m.
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(b) wheel 2 phase plot at v=20m/s,J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
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Fig.5-14 Phase plots of wheel 3 and wheel 4 at v = 20 m/s, J12 = n il rad, L = 5 m, 
al = 0.3 m, a2 = 0.4 m.
(a) wheel 3 phase plot at v=20m/s,J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
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Fig.5-15 Damping 1 and 2 vs. time at v = 20 m/s, J12 = 0 rad, L = 2.5 m, al = 0 m, 
a2 = 0 m. Solid lines: the changes of damping coefficients; dash-dot lines: the average 
of the damping coefficients; dash lines: the relative velocity y\ - u l and y 2- u 2 whose 




















































































O o o o o o o
— ; o  
o o o o o o o o o
o o o o o o o o o o o o o o o o
o m o in o in o in o m o m o in o inco co CM CM T— T— co co CM CM T— T—







Fig.5-16 Damping 3 and 4 vs. time at v = 20 m/s, J12 = 0 rad, L = 2.5 m, al = 0 m, 
a2 = 0 m. Solid lines: the changes of damping coefficients; dash-dot lines: the average 
of the damping coefficients; dash lines: the relative velocity y 3- u 3 and y 4- u 4 whose 
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Fig.5-17 Time domain responses of human body at v = 20 m/s, J12 = 0 rad, L = 2.5m, 
al = 0 m, a2 = 0 m.
(a) humanbody disp. vs. time at v=20m/s,J12=0rad,L=2.5m)a1=0m,a2=0m
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Fig.5-18 Time domain responses of bounce at v = 20 m/s, J12 = 0 rad, L = 2.5 m, 
al = 0 m, a2 = 0 m.
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Fig.5-21 Time domain responses of wheel 1 at v = 20 m/s, J12 = 0 rad, L = 2.5 m, 
al = 0 m, a2 = 0 m.
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Fig.5-25 Phase plots of human body and bounce at v = 20 m/s, J12 = 0 rad, L = 2.5 m, 
al = 0 m, a2 = 0 m.
(a) humanbody phase plot at v=20m/s,J12=0rad,L=2.5m>a1=0m,a2=0m
displacement (m)
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Fig.5-26 Phase plots of pitch and roll at v = 20 m/s, J12 = 0 rad, L = 2.5 m, al = 0 m, 
a2 = 0m .
(a) pitch phase plot at v=20m/s,J12=0rad,L=2.5m,a1=0m,a2=0m 
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(b) roll phase plot at v=20m/s,J12=0rad,L=2.5m,a1=0m,a2=0m
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Fig.5-27 Phase plots of wheel 1 and wheel 2 at v = 20 m/s, J12 = 0 rad, L = 2.5 m, 
al = 0 m, a2 = 0 m.
(a) wheel 1 phase plot at v=20m/s,J12=0rad,L=2.5m,a1=0m a2=0m





















Fig.5-28 Phase plots of wheel 3 and wheel 4 at v = 20 m/s, J12 = 0 rad, L = 2.5 m, 
al = 0 m, a2 = 0 m.
(a) wheel 3 phase plot at v=20m/s(J12=0rad,L=2.5m,a1=0m,a2=0m 
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Fig.5-29 max.(solid lines), aveg.(dash-dot lines) and min.(dash lines) values of human 
body vibration vs. car velo. at J12 = rc/2 rad, L = 5 m, al = 0.3 m, a2 = 0.4 m.
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(c) humanbody acce. vs. car velo. at J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
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F ig .5-30  max.(solid lines), aveg.(dash-dot lines) and min.(dash lines) values of bounce 
vibration vs. car velo. at J12 = rc/2 rad, L = 5 m, al = 0.3 m, a2 = 0.4 m.
0 10 20 30 40 50 60 70 80
car velocity (m/s)
(b) bounce velo. vs. car velo. at J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
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Fig.5-31 max.(solid lines), aveg.(dash-dot lines) and min.(dash lines) values of pitch 







(a) pitch disp. vs. car velo, at J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
10 20 30 40 50 60 70
car velocity (m/s)
80
i ¡_____________ ;_____________ I_____________ :_____________ 1_____________ i_____________ i_____________ i------------------------
0 10 20 30 40 50 60 70 80
car velocity (m/s)
(c) pitch acce. vs. car velo, at J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
5-34
Fig.5-32 max.(solid lines), aveg.(dash-dot lines) and min.(dash lines) values of roll 
vibration vs. car velo. at J12 = tt/2 rad, L = 5 m, al = 0.3 m, a2 = 0.4 m.
x 10'3 (a) roll disp. vs. car velo, at J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
0 10 20 30 40 50 60 70 80
car velocity (m/s)
(b) roll velo. vs. car velo, at J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
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Fig.5-33 max.(solid lines), aveg.(dash-dot lines) and min.(dash lines) values of wheel 1 
vibration vs. car velo. at J12 = rc/2 rad, L = 5 m, a l = 0.3 m, a2 = 0.4 m.
(a) wheel 1 disp. vs. car velo. at J12=pi/2rad,1=5171,81=0.301,32=0.4111
car velocity (m/s)















Fig.5-34 max. (solid lines), aveg. (dash-dot lines) and min. (dash lines) values of wheel 2 
vibration vs. car velo. at J12 = te/2 rad, L = 5 m, al = 0.3 m, a2 = 0.4 m.
(a) wheel 2 disp. vs. car velo. at J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
0.015-..
(b) wheel 2 velo. vs. car velo. at J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
30
(c) wheel 2 acce. vs. car velo. at J12=pi/2rad,L-5m,a1-0.3m,a2-0.4m
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Fig.5-35 rhax.(solid lines), aveg.(dash-dot lines) and min.(dash lines) values of wheel 3 
vibration vs. car velo. at J12 = n/2 rad, L = 5 m, al = 0.3 m, a2 = 0.4 m.
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(b) wheel 3 velo. vs. car velo. at J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
0.6 L
10 20 30 40 50 60 70 80
car velocity (m/s)
(c) wheel 3 acce. vs. car velo. at J12-pi/2rad,L-5m,a1 -0.3m,a2-0.4m
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Fig.5-36 max. (solid lines), aveg.(dash-dot lines) and min.(dash lines) values of wheel 4 
vibration vs. car velo. at J12 = n il rad, L = 5 m, a l = 0.3 m, a2 = 0.4 m.
(a) wheel 4 disp. vs. car velo. at J12=pi/2radrL=5m,a1=0.3m,a2=0.4m
0 10 20 30 40 50 60 70 80
car velocity (m/s)
(b) wheel 4 velo. vs. car velo. at J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
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Fig.5-37 Phase lags of wheel 1 disp, from excit. 1 and wheel 2 disp. from excit. 2 at 












(a) phase lag of wheel 1 disp. from excit. 1 at J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
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Fig.5-38 Phase lags of wheel 3 disp, from excit. 3 and wheel 4 disp. from excit. 4 at 










(a) phase lag of wheel 3 disp. from excit. 3 at J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
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(b) phase lag of wheel 4 disp. from excit. 4 at J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
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Fig.5-39 max.(solid lines), aveg.(dash-dot lines) and min.(dash lines) values of human 
body vibration vs. car velo. at J12 = 0 rad, L = 2.5 m, al = 0 m, a2 = 0 m.
(a) humanbody disp. vs. car velo. at J12=0radtL=2.5m,a1=0m,a2=0m
0 10 20 30 40 50 60
car velocity (m/s)
(b) humanbody velo. vs. car velo. at J12=0rad,L=2.5m,a1=0m,a2=0m
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Fig.5-40 max. (solid lines), aveg. (dash-dot lines) and min. (dash lines) values of bounce 
vibration vs. car velo. at J12 = 0 rad, L = 2.5 m, al = 0 m, a2 = 0 m.
(a) bounce disp. vs. car velo. at J12=0rad,L=2.5m,a1=0m,a2=0m
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(b) bounce velo. vs. car velo. at J12=0rad,L=2.5m,a1 =0m,a2=0m
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Fig.5-42 max.(solid lines), aveg. (dash-dot lines) and min.(dash lines) values of roll 






(a) roll disp. vs. car velo, at J12=0rad,L=2.5m,a1=0m,a2=0m
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(b) roll velo. vs. car velo, at J12=0rad,L=2.5m,a1=0m,a2=0m
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Fig.5-43 max. (solid lines), aveg. (dash-dot lines) and min. (dash lines) values of wheel 1 
vibration vs. car velo. at J12 = 0 rad, L = 2.5 m, a l = 0 m, a2 = 0 m.




Fig.5-44 max.(solid lines), aveg.(dash-dot lines) and min.(dash lines) values of wheel 2 
vibration vs. car velo. at J12 = 0 rad, L = 2.5 m, a l = 0 m, a2 = 0 m.
0 10 20 30 40 50 60
car velocity (m/s)
(b) wheel 2 velo. vs. car velo. at J12=0rad,L=2.5m,a1=0m>a2=0m
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0 10 20 30 40 50 60
car velocity (m/s)
5-47
Fig.5-45 max.(solid lines), aveg.(dash-dot lines) and min.(dash lines) values of wheel 3 
vibration vs. car velo. at J12 = 0 rad, L = 2.5 m, al = 0 m, a2 = 0 m.
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Fig.5-46 max.(solid lines), aveg.(dash-dot lines) and min.(dash lines) values of wheel 4 
vibration vs. car velo. at J12 = 0 rad, L = 2.5 m, al = 0 m, a2 = 0 m.
(a) wheel 4 disp. vs. car velo. at J12=0rad,L=2.5m,a1=0m,a2=0m
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Fig.5-47 Phase lags of wheel 1 disp, from excit. 1 and wheel 2 disp. from excit. 2 at 
J12 = 0 rad, L = 2.5 m, al = 0 m, a2 = 0 m.
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F ig .5-48  Phase lags of wheel 3 disp, from excit. 3 and wheel 4 disp. from excit. 4 at 
J12 = 0 rad, L = 2.5 m, a l = 0 m, a2 = 0 m.
(a) phase lag of wheel 3 disp. from excit. 3 at J12=0rad,L=2.5m.a1=0m a2=0m
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(a) relative disp.(solid line) of excit. 1 & wheel 1 disp. vs. time at v=20m/slJ12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
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Fig.5-51 max.(solid lines), aveg.(dash-dot lines) and min.(dash lines) values of relative 
disp. and x2-u w2 vs. car velo. at J12 = rc/2 rad, L = 5 m, al = 0.3 m, a2 = 0.4 m.






































Fig.5-52 max.(solid lines), aveg.(dash-dot lines) and min.(dash lines) values of relative 
disp. x3-u w3 and x4-u w4 vs. car velo. at J12 = tc/2 rad, L = 5 m, al = 0.3 m, a2 = 0.4 m.
(a) relative disp. of excit. 3 & wheel 3 vs. car velo. at J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m
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Fig.5-53 Dynamic reaction on wheel 1 and wheel 2 vs. time at v = 20 m/s, 
J12 = 7i/2  rad, L = 5 m, a l = 0.3 m, a2 = 0.4 m.
















































Fig.5-54 Dynamic reaction on wheel 3 and wheel 4 vs. time at v = 20 m/s, 
J12 = T ill rad, L = 5 m, a l = 0.3 m, a2 = 0.4 m.






Fig.5-55 max.(solid lines), aveg.(dash-dot lines) and min. (dash lines) values of 
dynamic reaction on wheel 1 and wheel 2 vs. car velo. at J12 = tc/2 rad, L = 5m , 







(a) dynamic reaction on wheef 1 vs. car velo. at J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m 
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(b) dynamic reaction on wheel 2 vs. car velo. at J12=pi/2rad,L=5m,a1-0.3m,a2-0.4m
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Fig.5-56 max. (solid lines), aveg. (dash-dot lines) and min. (dash lines) values of 
dynamic reaction on wheel 3 and wheel 4 vs. car velo. at J12 = tt/2 rad, L = 5m , 
al = 0.3 m, a2 = 0.4 m.
(a) dynamic reaction on wheel 3 vs. car velo. at J12=pi/2rad,L=5m,a1=0 3m a2=0 4m 
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(a) relative disp.(solid line) of excit. 1 & wheel 1 disp. vs. time at v=20m/s,J12=0rad,L=2.5mla1=0m,a2=0m
































































(a) relative disp.(solid line) of excit. 3 & wheel 3 disp. vs. time at v=20m/s,J12=0rad,L=2.5m,a1=0m,a2=0m
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Fig.5-59 max. (solid lines), aveg. (dash-dot lines) and min. (dash lines) values of relative 
disp. X i-u^ and X j-u^ vs. car velo. at J12 = 0 rad, L = 2.5 m, al = 0 m, a2 = 0 m.
(a) relative disp. ofexcit. 1 & wheel 1 vs. car velo. at J12=0rad,L=2.5m,a1=0m,a2=0m
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Fig.5-60 max. (solid lines), aveg.(dash-dot lines) and min. (dash lines) values of relative 
disp. x3-u w3 and x4- u w4 vs. car velo. at J12 = 0 rad, L = 2.5 m, al = 0 m, a2 = 0 m.
0.02
(a) relative disp. ofexcit. 3 & wheel 3 vs. car velo. at J12=0rad.L=2.5m,a1=0m,a2=0m
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Fig.5-61 Dynamic reaction on wheel 1 and wheel 2 vs. time at v = 20 m/s, 
J12 = 0 rad, L = 2.5 m, a l = 0 m, a2 = 0 m.
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Fig.5-62 Dynamic reaction on wheel 3 and wheel 4 vs. time at v = 20 m/s, 
J12 = 0 rad, L = 2.5 m, a l = 0 m, a2 = 0 m.


















Fig.5-63 max. (solid lines), aveg. (dash-dot lines) and min. (dash lines) values of 
dynamic reaction on wheel 1 and wheel 2 vs. car velo. at J12 = 0 rad, L = 2.5 m, 
al = 0 m, a2 = 0 m.
(a) dynamic reaction on wheel 1 vs. car velo. at J12=0rad,L=2.5m,a1=0m,a2=0m
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Fig.5-64 max. (solid lines), aveg. (dash-dot lines) and min. (dash lines) values of 
dynamic reaction on wheel 3 and wheel 4 vs. car velo. at J12 = 0 rad, L = 2.5 m, 

























(b) dynamic reaction on wheel 4 vs. car velo. at J12=0rad,L=2.5m,a1=0m,a2=0m
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Fig.5-65 max. and min. values of human body acce. vs. human body loca, in the car at 
v — 9 m/s, J12 = id i rad, L = 5 m. Viewpoint from azimuth -37.5° and elevation 30°.
(a) max. humanbody acce. vs. humanbody loca, in car at v=9m/s,J12=pi/2radX=5m































Fig.5-66 max. and min. values of human body acce. vs. human body loca, in the car at 
v = 9 m/s, J12 = n/2 rad, L = 5 m. Viewpoint from azimuth 0° and elevation 0°.
(a) max. humanbody acce. vs. humanbody loca, in car at v=9m/sJ12=pi/2rad,L=5m




















Fig.5-67 max. and min. values of human body acce. vs. human body loca, in the car at 
v = 9 m/s, 112 = 71/2 rad, L = 5 m. Viewpoint from azimuth 90° and elevation 0°.
(a) max. humanbody acce. vs. humanbody loca, in car at v=9m/s,J12=pi/2rad,L=5m
(b) min. humanbody acce. vs. humanbody loca, in car at v=9m/s,J12-pi/2rad,L--5m
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Fig.5-68 max. and min. values o f human body acce. vs. human body loca, in the car at 
v = 4 m/s, J12 = 0 rad, L = 2.5 m. Viewpoint from azimuth -37.5° and elevation 30°.
(a) max. humanbody acce. vs. humanbody loca, in car at v=4m/s,J12=0rad,L=2.5m




















Fig.5-69 max. and min. values o f human body acce. vs. human body loca, in the car at 
v = 4 m/s, J12 = 0 rad, L = 2.5 m. Viewpoint from azimuth 0° and elevation 0°.
(a) max. humanbody acce. vs. humanbody loca, in car at v=4m/s,J12=0rad,L=2.5m
11 r ...
a1 (m)
(b) min. humanbody acce. vs. humanbody loca, in car at v=4m/s,J12=0rad,L=2.5m
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Fig.5-70 max. and min. values o f human body acce. vs. human body loca, in the car at 
v = 4 m/s, J12 = 0 rad, L = 2.5 m. Viewpoint from azimuth 90° and elevation 0°.
(a) max. humanbody acce. vs. humanbody loca, in car at v=4m/s,J12=0rad L=2 5m
11 r .............................. - ............ -............... -................................ ..............................
a2 (m)
(b) min. humanbody acce. vs. humanbody loca, in car at v=4m/s,J12=0rad,L=2.5m
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§5.1 Discussion of the Time Domain Responses
Now let’s begin to discuss the simulation results. First let’s see Fig.5-1 ~ Fig. 5­
14 which are at car velocity v = 20 m/s and under Condition 1 : phase lag of excitation 
2 from excitation 1 J12 = n/2 rad, wave length of sinusoidal road track L = 5 m, and 
passenger’s location at a l = 0.3 m, a2 = 0.4 m. Fig.5-1 and Fig.5-2 show how the 
damping is set in damper 1, 2, 3, and 4 (the time histories o f damping coefficients). The 
dash-dot lines indicate the average of the damping coefficients and also stand for zero 
values of relative velocities: y r u wl, y 2-u w2, y 3-u w3, and y 4-uw4 respectively (referring 
to Fig.3-1). The dash lines stand for the relative velocities: y r u wl, y 2-uw2, , and
y 4'U w4 whose unit is not shown in the figures. It can be observed that when the relative 
velocity is positive, the damping value is large; and when the relative velocity is 
negative, the damping value is small. Notice that under condition 1 the damping 
coefficients are generally different in every damper at a given time. This means that the 
system will vibrate in a number of different linear stages caused by different damping 
matrixes.
Look at the Fig.5-3 ~ Fig.5-10. As indicated in §2.4, all these curves vibrate 
around their deviated positions from the static equilibrium positions (the human body 
velocity and pitch angular velocity are not obvious). The displacements of human body 
and bounce have greater deviations than those of the four wheels which have more 
restraints. Under condition 1 the system has pitch and roll motions as Fig.5-5 and Fig. 
5-6 shown. In addition, it can be observed that the phase difference between maximum 
displacement and minimum displacement is not n for the steady movement. No curves 
are harmonic.
Look at Fig.5-11 and Fig.5-14, the phase plots of all eight degrees of freedom. 
Since the initial condition is zero displacement and zero velocity for all the eight
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degrees of freedom, all the trajectories start at point (0 , 0 ). It is observed that the 
trajectories trend to steady curves after a number of transient motions. The human body 
has larger transient trajectory than the bounce because the former has less restraint than 
the later. The right wheels (wheel 2 and wheel 4) have larger trajectories than the left 
wheels (wheel 1 and wheel 3), which depends on bounce, pitch, roll, and excitation. The 
roll motion, which has trajectory of negative displacement deviation and positive 
velocity deviation from its static equilibrium position, depends on phase lag J 12  and 
passenger’s location a2. The pitch movement, which has trajectory of negative 
displacement deviation from its static equilibrium position, depends on a l, L, and 
coefficient difference between the front dampers (damper 1 and damper 2 ) and the rear 
dampers (damper 3 and damper 4).
Now let’s see Fig.5-15 ~ Fig.5-28 which are at car velocity v = 20 m/s and 
under Condition 2: phase lag o f excitation 2 from excitation 1 J12 = 0 rad, wave length 
of sinusoidal road track L = 2.5 m, and passenger’s location at al = 0 m, a2 = 0 m. 
Looking at Fig.5-15 and Fig.5-16, it is found that the front dampers (damper 1 and 
damper 2) have the same time history and so do the rear dampers (damper 3 and damper 
4). As indicated in §3.5, this is because we build a model symmetric to the longitudinal 
direction ( a2 = 0 ) which is under the excitation that is also symmetric to the 
longitudinal direction ( J12 = 0 ). Furthermore, the four dampers reach their large or 
small coefficients at the same time. This is because the phase difference between the 
front excitation (excitation 1 and excitation 2) and the rear excitation (excitation 3 and 
excitation 4) is zero according to (3-25); and because we set al — 0. In this case, the 
system will vibrate in only two different linear stages caused by two damping matrixes, 
one with the large damping coefficients, the other with the small damping coefficients. 
Besides, the cycle time of damping in Fig.5-15 and Fig.5-16 is half shorter than that in
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Fig.5-1 and Fig.5-2, since according to (3-24) the excitation frequency with L = 2.5 m 
is twice o f that with L = 5 m if  the car runs in the same speed.
Look at Fig.5-17 ~ Fig.5-24. As expected, the roll motion is nil as Fig.5-20 
indicates. The bounce motion is larger in Fig.5-18 than in Fig.5-4 because there is no 
roll motion to cancel it. Therefore, the human body has larger amplitude of vibration in 
Fig.5-17 than in Fig.5-3. Check carefully that the frequency of the human body motion 
is 8, not 2. The pitch motion is much smaller in Fig. 5-19 than in Fig. 5-5 because under 
Condition 2, the wheel base equals to the wave length of sinusoidal road track ( L = c{ + 
c2), and so the pitch motion only results from the difference of damping coefficients 
between the front dampers (damper 1 and damper 2) and the rear dampers (damper 3 
and damper 4). The displacements of the four wheels do not have much change but their 
velocities increase obviously. This is because the excitation frequency increases.
Look at Fig.5-25 and Fig.5-28. The phase plot of roll is nil as explained above. 
The pitch motion is much smaller in Fig.5-26 than in Fig.5-12. The bounce motion is 
larger in Fig.5-25 than in Fig.5-11. From Fig.5-27 and Fig.5-28, it is found that the left 
wheels (wheel 1 and wheel 3 ) have the same motions as the right wheels ( wheel 2 and 
wheel 4). This is expected as the system vibrates symmetrically to the longitudinal 
direction under condition 2. In addition, it can be found that the rear wheels (wheel 3 
and wheel 4) have larger motions than the front wheels (wheel 1 and wheel 2). This is 
because the rear dampers (damper 3 and damper 4) have smaller damping coefficients 
than the front dampers (damper 1 and damper 2 ) in both extension and compression, so 
that the rear wheels have less restraint forces. Comparing Fig.5-27 and Fig.5-28 with 
Fig.5-13 and Fig.5-14, it can be observed that the higher the excitation frequency the 
smoother the phase plot curves, since the higher the excitation frequency the smaller the 
response difference between different linear stages, according to (2-40a) and (2-40b).
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§5.2 Discussion of the Frequency Domain Responses
Now let’s discuss the frequency domain responses. Fig.5-29 ~ Fig.5-38 are 
under Condition 1: phase lag o f excitation 2 from excitation 1 J12 = tt/2 rad, wave 
length of sinusoidal road track L = 5 m, and passenger’s location at al = 0.3 m, a2 = 
0.4 m. Look at Fig.5-29 -Fig.5-36. As indicated in §2.4, the dash-dot lines (average of 
maximum and minimum values o f vibration) are deviated from their static equilibrium 
positions and they trend to their static equilibrium positions when the car velocity 
(excitation frequency) increases, except for the average of acceleration which trends to 
certain values. Therefore, the peak values depend on both the amplitudes of vibration 
and the averages of maximum and minimum values of vibration. There are some points 
where the dash-dot lines cross the static equilibrium positions. This means that at these 
cross-points the vibration is symmetric to the static equilibrium position.
Fig.5-37 and Fig.5-38 show the phase lags of wheel displacement from 
corresponding excitation. Notice that each wheel is affected by all the excitation, not 
just the one under it. For instance, excitation 1 has affected on wheel 2 before excitation 
2 affects on wheel 2. So, there are negative phase lags (phase advances) in Fig.5-37(b) 
and Fig. 5-3 8(b). It can be observed that when the car velocity increases the phase lag of 
each wheel from its corresponding excitation trends to 180°.
Fig.5-39 ~ Fig.5-48 are under Condition 2: phase lag of excitation 2 from 
excitation 1 J12 = 0 rad, wave length of sinusoidal road track L = 2.5m, and 
passenger’s location at a l = 0 m, a2 = 0 m. As it can be expected, the roll curve (Fig.5- 
42) is nil under condition 2. Consequently, wheel 1 and wheel 2 have the same curves, 
and so wheel 3 and wheel 4. Comparing Fig.5-39 ~ Fig.5-46 with Fig.5-29 ~ Fig.5-36, it 
is found that the peak values shift to early car velocities. This is because the excitation 
frequency increases at L = 2.5m. Also, it should be noticed that some of these peak
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values appear at the car velocities which satisfy (3-28), such as the curve in Fig.5-29 in 
which a peak value happens at v = 9m /s, approximate to 9.0474 that is a resonance 
car speed calculated by (3-28). But there are some of peak values that appear at other 
car velocities which do not satisfy (3-28), such as the same curve in Fig.5-29 where a 
peak value happens at v = 4 m/s that is not a  resonance car speed but not far from 5.62 
m/s which is a resonance car speed at which no peak value appears. This has been 
indicated in §2.4.
Look at Fig.5-47 and Fig.5-48. It is found that there is no negative phase lag. 
This is because under Condition 2 all the initial phase angles (we set zero) of excitation 
are the same and so each wheel is affected by all the excitation at the initial time. Notice 
that wheel 1 and wheel 2 have the same curves; and so wheel 3 and wheel 4. The reason 
is obvious without indicating. An interesting phenomenon is that the phase lag curves 
have peak values at car velocities 3 m/s and 5 m/s at which the corresponding wheel 
displacements also have peak values (see Fig. 5-43 ~ Fig. 5-46). This means that at these 
car velocities the phase lags will increase and then decrease rapidly while the wheel 
displacements reach their peak values. Fig.5-37 and Fig.5-38 also have such phenomena 
except that they are not as sharp as in Fig.5-47 and Fig.5-48 and the peak values are 
delayed because of L = 5 m, not 2.5 m.
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§53 Discussion of the Reaction on the Wheels
This section will discuss the reaction on the wheels, since reaction is an 
important factor for driving. Because according to (3-2la) ~ (3-2Id) the reaction 
depends on the relative displacement between the excitation and the corresponding 
wheel (we set d,vl ~ d,v4 = 0, so that the relative velocity is not needed), let’s first 
observe Fig.5-49 ~ Fig.5-52 which are under Condition 1: J12 = tt/2 rad, L = 5 m, al = 
0.3 m, a2 = 0.4 m. Fig.5-49 and Fig.5-50 are steady time histories of the relative 
displacements at v = 20 m/s. It can be found that the relative displacement is smaller 
than its corresponding excitation and wheel displacement. Fig.5-51 ~ Fig.5-52 are the 
plots o f the relative displacement vs. car velocity. It is found that the peak values of the 
relative displacements appear later than corresponding peak values of wheel 
displacements, if compared with Fig.5-33 ~ Fig.5-36. This is because of the phase lag of 
wheel displacement from corresponding excitation. Fig. 5-53 and Fig. 5-54 are time 
histories o f the reaction at the same condition as in Fig.5-49 and Fig.5-50. Fig.5-55 and 
Fig. 5-56 are the plots of the reaction vs. car velocity, which are at the same condition as 
in Fig.5-51 and Fig.5-52. In fact Fig.5-55 and Fig.5-56 are identical to Fig.5-51 and 
Fig.5-52, as long as multiplying Fig.5-51 and Fig.5-52 by 1000 N/m ( = k^i = k ^  = kw3 
= kw4). It is found that the maximum dynamic reaction is 1387.9,1639.3, 1582.7, and 
1833.7 N, appearing at v = 41,37, 43, and 40 m/s for wheel 1, 2, 3, and 4 respectively. 
Also, it is found that the minimum dynamic reaction is -1330.8, -1558.8, -1552.6, and 
-1805.0 N, appearing at v = 48, 40,44, and 41 m/s for wheel 1, 2,3, and 4 
respectively. The static reaction is 3417.4, 3070.2, 3232.6, and 3019.8 N for wheel 1,2, 
3, and 4 respectively. So the total reaction will increase by 40.61 %, 53.39 /o,
48.96 %, and 60.72 % for wheel 1 , 2, 3, and 4 respectively; and will decrease by 
38.94 %, 50.77 %, 48.03 %, and 59.77 % for wheel 1 ,2 , 3, and 4 respectively.
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Fig.5-57 ~ Fig.5-64 are under condition 2: J12 = 0 rad, L = 2.5 m, al = 0 m, a2 
= 0 m. Fig.5-57 and Fig.5-58 are steady time histories of the relative displacement 
between the excitation and corresponding wheel at v = 20 m/s. In contrast with Fig. 5­
49 and Fig.5-50, the relative displacement is larger than the excitation and wheel 
displacement in Fig.5-57 and Fig.5-58. In addition, it is found that Fig.5-57(a) and 
Fig.5-57(b) are the same; and so are Fig.5-58(a) and Fig.5-58(b), Fig.5-59(a) and Fig.5- 
59(b), Fig.5-60(a) and Fig.5-60(b), Fig.5-61(a) and Fig.5-61(b), Fig.5-62(a) and Fig.5- 
62(b), Fig5-63(a) and Fig.5-63(b), and Fig.5-64(a) and Fig.5-64(b). The reason is 
obvious without indicating. From Fig.5-63 and Fig.5-64 it can be observed that the 
maximum dynamic reaction for wheel 1 and wheel 2 is 1516.3 N, appearing at v = 19 
m/s; and the maximum dynamic reaction for wheel 3 and wheel 4 is 1693.2 N, 
appearing at v = 20 m/s. The minimum dynamic reaction for wheel 1 and wheel 2 is 
-1437.0 N, and the minimum dynamic reaction for wheel 3 and wheel 4 is -1662.0 N, 
all appearing at v = 21 m/s. The static reaction under this condition is 3185.0 N for 
every wheel. So the total reaction will increase 47.12 % for wheel 1 and wheel 2,
53.16 % for wheel 3 and wheel 4; and will decrease 45.12 % for wheel 1 and wheel 2, 
52.18 % for wheel 3 and wheel 4.
In addition, it is observed that for each wheel there is a car velocity after which 
the reaction amplitude increases rapidly. If referring to Fig.5-37, Fig.5-38, Fig.5-47, and 
Fig.5-48, the reason is clear: after this car velocity the phase lag of wheel displacement 
from its corresponding excitation will increase toward 180°, so that the relative 
displacement between excitation and its corresponding wheel will increase according to 
(3-2la) ~ (3-2 Id). Before this car velocity, the phase lag curve fluctuates and the 
reaction fluctuates accordingly. In Fig.4-37(b) and Fig.5-38(b), the phase lag is small
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and nearly has no change before v = 10 m/s, and so the reaction in Fig.5-55(b) and the 
reaction in Fig.5-56(b) are small and have little change before v = 10 m/s.
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§5.4 Discussion of the Acceleration of the Seat / Passenger
Let’s see how much the acceleration affects the passenger (human body) in the 
car. Fig.5-29(c) is the plot o f human body acceleration vs. car velocity under condition 
1: J12 = 7i/2  rad, L = 5 m, a l = 0.3 m, a2 = 0.4 m. As indicated in §2-4, the dash-dot 
line, standing for the average of maximum acceleration and minimum acceleration, 
fluctuates around and trends to zero because in system equation (3-16) the excitation 
force is zero for human body. Under this condition, the maximum acceleration is 1.9193 
m/s2 and the minimum acceleration is -1.9336 m/s2. Both appear at v = 9 m/s. Fig.5-3(c) 
shows the time history of the human body acceleration at v = 20 m/s.
Fig.5-39(c) is the plot of human body acceleration vs. car velocity under 
condition 2: J12 =  0 rad, L = 2.5 m, al = 0 m, a2 = 0 m. The maximum acceleration is 
10.1020 m/s2. The minimum acceleration is -10.1019 m/s2. Both appear at v = 4 m/s.
So condition 2 causes much larger acceleration (and its amplitude) on human body than 
condition 1. The reason is that the phase difference between left excitation (excitation 1 
and excitation 3) and right excitation (excitation 2 and excitation 4) is zero, and so the 
left excitation and right excitation give the maximum effect to the human body at the 
same time. Also this is because the phase difference between front excitation (excitation 
1 and excitation 2) and rear excitation (excitation 3 and excitation 4) is zero according 
to (3-25), so that the front excitation and rear excitation give the maximum effect to the 
human body at the same time. Fig. 5-17(c) shows the time history of the human body 
acceleration at v = 20 m/s.
Before ending this chapter let’s see the human body acceleration in the range of 
the car. Fig.5-65, Fig.5-66, and Fig.5-67 show the plot of the human body acceleration 
vs. the human body location in the car at v = 9 m/s, J12 = tt/2 rad, L -  5 m, al 125 
m ~ 1.25 m, a2 = -0 .7  m ~ 0.7 m. Since there is roll movement under this condition,
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the left side o f the car provides different acceleration to the human body than the right 
side of the car. And since the rear excitation (excitation 3 and excitation 4) has phase 
lag <Pi3 = n rad from the front excitation (excitation 1 and excitation 2) according to (3­
25), the front excitation and rear excitation can cancel each other at the middle of the 
wheel base. So the position a l = 0 m holds much smaller human body acceleration 
than the position a l = ±1.25 m. At al = 0 m, a2 = -0.7 m, there are the smallest 
positive human body acceleration 0.0265 m/s2 and the smallest negative human body 
acceleration -0.0295 m/s2. At a l = 1.25 m, a2 = 0 m, there is the largest positive 
human body acceleration 4.1024 m/s2, and at al = 1.25 m, a2 = 0.07 m, the largest 
negative human body acceleration -4.0379 m/s2.
Fig.5-68, Fig.5-69, and Fig.5-70 show the plot of human body acceleration vs. 
human body location in the car at v = 4 m/s, J12 = 0 rad, L = 2.5 m, al = -1.25 m ~
1.25 m, a2 = -0 .7  m ~ 0.7 m. They are quit different than Fig.5-65, Fig.5-66, and Fig.5- 
67. The reason is that the excitation under each wheel (all in the same initial phase angle) 
gives its maximum effect to the system at the same time, and the change of passnger s 
position ( a l = —1.25 m ~ 1.25 m, a2 = —0.7 m ~ 0.7 m ) causes the change of human 
body acceleration in the car. It is obvious that when the passenger s position is nearer to 
a wheel, his acceleration is largely determined by the excitation under that wheel. Also, 
the change of passenger’s position will cause the change of the system s movement 
(bounce, pitch, and roll). The final result of the human body acceleration is the 
combination of bounce, pitch, and roll which are determined by the excitation through 
the four wheel motions as the equation (3-16) ~ (3-18d) shown. In Fig.5-68 the largest 
positive human body acceleration is 10.1951 m/s2 and the largest negative human body 
acceleration is —10.1878 m/s2, both located at al — 0.125 m, a2 — 0 m. Since there is 
pitch movement resulting from the damping coefficient difference between front
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dampers and rear dampers when al = a2 = 0 m, the largest acceleration will not be at 
position a l = a2 = 0 m. The smallest positive human body acceleration is 3.0914 m/s2 
and the smallest negative human body acceleration is -3.3883 m/s2, both located at al 
= 1.25 m, a2 = ±0.7 m. As expected, the plot is symmetric to longitudinal direction ( a2 
=  0 ).
From the above discussion, it is observed that the parameters v, L, J12, a l, and 




From the former chapters, we can obtain the following conclusions:
Conclusion 1
For the general piecewise linear damped system with multiple degrees of 
freedom, the responses to harmonic excitation will not be harmonic.
Conclusion 2
In the general piecewise linear damped system with multiple degrees of freedom, 
the average of maximum displacement and minimum displacement of forced vibration 
will generally not be zero for both the transient and the steady responses to harmonic 
excitation.
Conclusion 3
In the general piecewise linear damped system with multiple degrees of freedom, 
the average of maximum velocity and minimum velocity of forced vibration will 
generally not be zero for both the transient and the steady responses to harmonic 
excitation.
Conclusion 4
In the general piecewise linear damped system with multiple degrees of freedom, 
the average of maximum acceleration and minimum acceleration of forced vibration 




In the general piecewise linear damped system with multiple degrees of freedom, 
the average of maximum displacement and minimum displacement of forced vibration 
will trend to zero when the frequency of harmonic excitation trends to infinity. 
Conclusion 6
In the general piecewise linear damped system with multiple degrees of freedom, 
the average of maximum velocity and minimum velocity of forced vibration will trend 
to zero when the frequency of harmonic excitation trends to infinity.
Conclusion 7
In the general piecewise linear damped system with multiple degrees of freedom, 
the average of maximum acceleration and minimum acceleration of forced vibration 
will trend to a certain value, which depends on the excitation force vector of the 
system’s equation, when the frequency of harmonic excitation trends to infinity. 
Conclusion 8
In the general piecewise linear damped system with multiple degrees of freedom, 
different harmonic excitation will cause different average of maximum displacement 
and minimum displacement of vibration.
Conclusion 9
In the general piecewise linear damped system with multiple degrees of freedom, 
different harmonic excitation will cause different average of maximum velocity and 
minimum velocity of vibration.
Conclusion 10
In the general piecewise linear damped system with multiple degrees of freedom, 
different harmonic excitation will cause different average of maximum acceleration and 
minimum acceleration of vibration.
Conclusion 11
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In the general piecewise linear damped system with multiple degrees of freedom, 
the phase difference between maximum displacement and minimum displacement of 
forced vibration will generally not be n for both the transient and the steady responses 
to harmonic excitation.
Conclusion 12
In the general piecewise linear damped system with multiple degrees of freedom, 
the phase difference between maximum velocity and minimum velocity of forced 
vibration will generally not be n for both the transient and the steady responses to 
harmonic excitation.
Conclusion 13
In the general piecewise linear damped system with multiple degrees of freedom, 
the phase difference between maximum acceleration and minimum acceleration of 
forced vibration will generally not be re for both the transient and the steady responses 
to harmonic excitation.
Conclusion 14
In the general piecewise linear damped system with multiple degrees of freedom, 
the peak values of displacement, velocity, and acceleration may or may not happen at 
the resonance frequencies of every linear stage under harmonic excitation.
Conclusion 15
In the general piecewise linear damped system with multiple degrees of freedom, 
the peak values of displacement, velocity, and acceleration may also happen at the 




For the general piecewise linear damped system with multiple degrees of 
freedom under harmonic excitation, different set of initial phase angles of excitation 
will cause different “shape” of vibration.
Conclusion 17
In the general piecewise linear damped system with multiple degrees of freedom, 
different set of excitation will cause different possible linear stages of vibration. 
Conclusion 18
The suspension system of a passenger car, modelled as the general piecewise 
linear damped system with multiple degrees of freedom, may lose over half of its static 
reaction on the wheels when it is under harmonic excitation.
Conclusion 19
For each wheel of the passenger car modelled as the general piecewise linear 
damped system with multiple degrees of freedom, the reaction amplitude will increase 
rapidly after a certain car velocity.
Conclusion 20
The acceleration o f seat /  passenger (human body) on the car will be much 
different under different excitation.
About the Application
Although this thesis does not focus on the application, it is reasonable to use the 
results in automobile designing, for example, the design of chassises. Within the limited 
time of the Master’s program, however, the author realizes that it is a bit tough to 
discuss the details o f the application. Therefore, the thesis should be ended here.
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% eigv This program is used to calculate eigenvalue, natural frequency, modal damping 
% ratio, resonance frequency and corresponding car velocity.
al= input('Enter data al=') % 
a2= input('Enter data a2=') % 
dl= input('Enter data dl=') % 
d2= input('Enter data d2=') % 
d3= input('Enter data d3=') % 
d4= input('Enter data d4 = ') %
input data corresponding to the case 
input data corresponding to the case 
input data corresponding to the case 
input data corresponding to the case 
input data corresponding to the case 
input data corresponding to the case





































mh 0 0 0 0 0 0 0
0 ms 0 0 0 0 0 0
0 0 IP 0 0 0 0 0
0 0 0 Ir 0 0 0 0
0 0 0 0 mwl 0 0 0
0 0 0 0 0 mw2 0 0
0 0 0 0 0 0 mw3 0
0 0 0 0 0 0 0 immw4 ] ;
K=[ kh -kh -kh*al -kh*a2 0 0 0 9
-kh kl+k2+k3+k4+kh cl*(kl+k2)-c2*(k3+k4)+kh*al c3*(kl+k3)-c4 (k2+k4)+kha2 ...
-kl -k2 -k3 -k4
-kh*al cl*(kl+k2)-c2*(k3+k4)+kh*al cl/v2* ( kl+k2 ) +c2/v2* ( k3+k4 ) +^*31^2 ...
kl*cl*c3-k2*cl*c4-k3*c2*c3+k4*c2*c4+kh*al*a2 -kl*cl -k2*cl k3 c2 M  c 
-kh*a2 c3*(kl+k3)-c4*(k2+k4)+kh*a2 kl*cl*c3-k2*cl*c4-k3*c2*c3+k4*c2*c4+kh a a
c3~2* (kl+k3) +c4/'2* (k2+k4) +kh*a2/'2 -kl*c3 k2*c4 -k3*c3 k4*c4
kl+kwl 0 0 0
0 k2+kw2 0 0











0 -k4 k4*c2 k4*c4 0 0 0 k4+kw4
D= [ dh -dh -dh*al -dh*a2 0 0 0 0
-dh dl+d2+d3+d4+dh cl*(dl+d2)-c2*(d3+d4)+dh*al c3*(dl+d3)-c4*(d2+d4)+dh*a2 ...
-dl -d2 -d3 -d4
-dh*al cl*(dl+d2)-c2*(d3+d4)+dh*al c l^ *  (dl+d2) +c2~2* (d3+d4) +dh*al/'2 ...
dl*cl*c3-d2*cl*c4-d3*c2*c3+d4*c2*c4+dh*al*a2 -dl*cl -d2*cl d3*c2 d4*c2
-dh*a2 c3*(dl+d3)-c4*(d2+d4)+dh*a2 dl*cl*c3-d2*cl*c4-d3*c2*c3+d4*c2*c4+dh*al*a2 ... 
03^2*(dl+d3)+c4/'2*(d2+d4)+dh*a2~2 -dl*c3 d2*c4 -d3*c3 d4*c4
0 -dl -dl*cl -dl*c3 dl+dwl 0 0 0
0 -d2 -d2*cl d2*c4 0 d2+dw2 0 0
0 -d3 d3*c2 -d3*c3 0 0 d3+dw3 0
0 -d4 d4*c2 d4*c4 0 0 0 d4+dw4







% In the following matrix, column 1 is eigenvalues, column 2 is natural frequencies,
% column 3 is modal damping ratios, column 4 is resonance frequencies, column 5, 6, and 
% 7 are car velocities corresponding to column 4 at L=2.5, 5, 10 respectively.
X(l,l) Q <(1,1) W(:i ,d Q Q (1,1)
2\QQ 1;i,U*Li/pi 2\QQ(1,1)*L2/pi
X (2,2 ) QI(2,2) W( 2,2) Q Q (2,2)
2\QQ (2,2)*Ll/pi 2\QQ (2,2)*L2/pi
XI:3,3) Q 1(3,3) W( 3,3) Q Q (3,3)
2\QQ I(3,3)*Ll/pi 2\QQ (3,3)*L2/pi
XI(4,4) Q 1(4,4) W((4,4) Q Q (4,4)
2\QQ 1(4,4)*Ll/pi 2\QQ (4,4)*L2/pi
XI¡5, 5) Q i(5,5) Wl(5,5) Q Q (5,5)
2\QQ 1(5,5)*Ll/pi 2\QQ (5, 5)*L2/pi
XI¡6,6) Q 1(6,6) W|(6, 6) QQ(6,6)
2\QQ 1(6,6)*Ll/pi 2\QQ (6, 6)*L2/pi
XI!7,7) Q i(7,7) W<(7,7) Q Q (7,7)
2\QQ 1(7,7)*Ll/pi 2\QQ (7,7)*L2/pi
X 1[8,8) Q<(8,8) Wl(8,8) Q Q (8,8)
2\QQ 1(8,8)*Ll/pi 2\QQ (8,8)*L2/pi
X I[9, 9) Q 1(9, 9) W|(9, 9) Q Q (9,9)
2\QQ 1(9,9)*Ll/pi 2\QQ (9,9)*L2/pi
X I [10,10) Q (10,10) Vi I(10,10) Q Q (10,10)
2\QQI(10,10)*Ll/pi 2\QQ (10,10)*L2/pi
X (11,11) Q <(11,11) W l (11, I D Q Q (11,11)
2\QQ 1(11,11)*Ll/pi 2\QQ (11, 11)*L2/pi
x>(12,12) Q (12,12) W l (12,12) Q Q (12,12)
2\QQ 1(12,12)*Ll/pi 2\QQ (12,12)*L2/pi
X (13,13) Q (13,13) W l(13,13) Q Q (13,13)
2\QQ 1(13,13)*Ll/pi 2\QQ (13, 13)*L2/pi
X (14,14) Q (14,14) W i(14,14) Q Q (14,14)
2\QQ i(14,14)*Ll/pi 2\QQ (14,14)*L2/pi
X i(15,15) Q (15,15) W i(15,15) Q Q (15,15)
2\QQ i(15,15)*Ll/pi 2\QQ (15,15)*L2/pi
x<(16,16) Q (16,16) W l(16,16) Q Q (16,16)



















% time This program is used to calculate time domain responses 
% under condition 1: v=20m/s,J12=pi/2rad,L=5m,al=0.3m, a2=0.4m.

























































M= [ mh 0 0 0 0 0 0 0
0 ms 0 0 0 0 0 0
0 0 IP 0 0 0 0 0
0 0 0 Ir 0 0 0 0
0 0 0 0 mwl 0 0 0
0 0 0 0 0 mw2 0 0
0 0 0 0 0 0 mw3 0
0 0 0 0 0 0 0 mw4
K=[ kh -kh -kh*al -kh*a2 0 0 0 0
-kh kl+k2+k3+k4+kh cl*(kl+k2)-c2*(k3+k4)+kh*al c3*(kl+k3)-c4*(k2+k4)+kh*a2 
-kl -k2 -k3 -k4
% for condition 2, al= 0 
% for condition 2, a2= 0 
% for condition 2, L= 2.5 
% for condition 2, J12= 0
B -4
- k h * a l  c l * ( k l + k 2 ) - c 2 * ( k 3 + k 4 ) + k h * a l  c l ~ 2 *  ( k l + k 2 ) + c 2 ~ 2 *  (k 3 + k 4  ) + k h * a l /'2  . . .
k l * c l * c 3 - k 2 * c l * c 4 - k 3 * c 2 * c 3 + k 4 * c 2 * c 4 + k h * a l * a 2  - k l * c l  - k 2 * c l  k 3 * c 2  k 4 * c 2
- k h * a 2  c 3 * ( k l + k 3 ) - c 4 * ( k 2 + k 4 ) + k h * a 2  k l * c l * c 3 - k 2 * c l * c 4 - k 3 * c 2 * c 3 + k 4 * c 2 * c 4 + k h * a l * a 2
c 3 Ä2 * ( k l + k 3 ) + c 4 A2 * ( k 2 + k 4 ) + k h * a 2 ~ 2 - k l * c 3  k2 * c4  - k 3 * c 3 k 4 * c 4
0 - k l  - k l * c l - k l * c 3 k l + k w l 0 0 0
0 - k 2  - k 2 * c l k 2 * c 4 0 k2+kw2 0 0
0 - k 3 k 3 * c 2 - k 3 * c 3 0 0 k3+kw3 0
0 - k 4 k 4 * c 2 k 4 * c 4 0 0 0 k4+kw4
N s =  9 . 8 . * [  m w l+ 4 \m s  
mw2+4\m s  
mw3+4\ms
mw4+4\ms ] + ( ( c l + c 2 ) * ( c 3 + c 4 ) ) \ m h * 9 . 8 . * [ ( c 2 + a l ) * ( c 4 + a 2 )
( c 2 + a l ) * ( c 3 - a 2 )  
( c l - a l ) * ( c 4 + a 2 )  
( c l - a l ) * ( c 3 - a 2 ) ] ;
Y s =  ( N s - 9 . 8  . * [mwl; mw2 ;mw3;mw4 ] ) . /  [ k l ; k 2 ; k 3 ; k 4 ] ;
t =  0 : d t : t f ;  
t t =  2 \ d t : d t : t f - d t / 2 ;  
x =  [ A l * s i n ( B l * t + J l )  
A 2 * s i n ( B 2 * t + J 2 )  
A 3 * s i n ( B 3 * t + J 3 )  
A 4 * s i n ( B 4 * t + J 4 )  ] ;  
x x =  [ A l * s i n ( B l * t t + J l )
A 2 * s i n ( B 2 * t t + J 2 ) 
A 3 * s i n ( B 3 * t t + J 3 )  
A 4 * s i n ( B 4 * t t + J 4 )  ] ;  
d x =  [ A l * B l * c o s ( B l * t + J l )  
A 2 * B 2 * c o s ( B 2 * t + J 2 )  
A 3 * B 3 * c o s ( B 3 * t + J 3 ) 
A 4 * B 4 * c o s ( B 4 * t + J 4 )  ] ;  
d x x =  [ A l * B l * c o s ( B l * t t + J l )  
A 2 * B 2 * c o s ( B 2 * t t + J 2 )  
A 3 * B 3 * c o s ( B 3 * t t + J 3 )  
A 4 * B 4 * c o s ( B 4 * t t + J 4 )  ] ;
X =  [ 0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
kwl 0 0 0
0 kw2 0 0
0 0 kw3 0
0 0 0 k 0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
dw l 0 0 0
0 dw2 0 0
0 0 dw3 0
0 0 0 di
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
kw l 0 0 0
0 kw2 0 0
0 0 kw3 0
0 0 0 ki 0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
d w l 0 0 0
0 dw2 0 0
0 0 dw3 0
0 0 0 d’
MX= M \X ;  
MXX= M \X X ;
U = z e r o s ( 2 4 , t f / d t + 1 ) ;  
d =  z e r o s ( 4 ,  t f / d t + 1 ) ; 
z =  z e r o s ( 4 , t f / d t + 1 ) ; 
N d l =  z e r o s (4 ,  t f / d t + 1 ) ; 
N d 2 =  z e r o s ( 4 , t f / d t + 1 ) ; 
N d= z e r o s ( 4 , t f / d t + 1 ) ;  
U ( 1 : 1 6 , 1 ) =  UO;
B-5
Ndl (:,1) = X (5 : 8,1 ) ;
Nd2 (: /1 ) = [ kwl 0 0 0
0 kw2 0 0
0 0 kw3 0
0 0 0 kw4 ]*U(5:8,1)+[ dwl 0 0 0
0 dw2 0 0
0 0 dw3 0
0 0 0 dw4 ]*U(13:16,1) ;
Nd ( :, D  = Ndl (:,1)-Nd2(:,, D  ;
z ( :, 1)= [ 1 cl c3 
1 cl -c4 
1 -c2 c3
1 -c2 -c4 ]*U(10 :12,1)- U (13:16,1); 






D = [ dh -dh -dh*al -dh*a2 0 0 0 0
-dh dl+d2+d3+d4+dh cl*(dl+d2)-c2*(d3+d4)+dh*al c3*(dl+d3)-c4*(d2+d4) +dh*a2 ...
-dl -d2 -d3 -d4
-dh*al cl*(dl+d2)-c2*(d3+d4)+dh*al clA2*(dl+d2)+c2A2*(d3+d4)+dh*alA2 ...
dl*cl*c3-d2*cl*c4-d3*c2*c3+d4*c2*c4+dh*al*a2 -dl*cl -d2*cl d3*c2 d4*c2
-dh*a2 c3*(dl+d3)-c4*(d2+d4)+dh*a2 dl*cl*c3-d2*cl*c4-d3*c2*c3+d4*c2*c4+dh*al*a2 ...
c3~2*(dl+d3)+c4 A2* (d2+d4 ) +dh*a2/'2 -dl*c3 d2*c4 -d3*c3 d4*c4
0 -dl -dl*cl -dl*c3 dl+dwl 0 0 0
0 -d2 -d2*cl d2*c4 0 d2+dw2 0 0
0 -d3 d3*c2 -d3*c3 0 0 d3+dw3 0
0 -d4 d4*c2 d4*c4 0 0 0 d4+dw4
S= [zeros(8) eye(8);-M\K -M\D];
RK1= S *U(1:16,n-1) + [0 ; 0 ; 0 ; 0 ; 0 ; 0 ; 0 ; 0 ;M X (:, n-1)] ;
RK2= S * (U (1:16,n-1)+2\dt.*RK1) + [0; 0 ; 0 ; 0 ; 0 ; 0 ; 0 ; 0 ;MXX(:,n-1)]; 
RK3= S * (U (1:16,n-1)+2\dt.*RK2) + [0 ; 0 ; 0 ; 0 ; 0 ; 0 ; 0; 0 ;MXX(: , n-1) ] ; 
RK4= S * (U (1:16,n-1)+dt.*RK3) + [ 0 ; 0 ; 0 ; 0 ; 0 ; 0 ; 0 ; 0 ;M X (: ,n) ] ;
RK= 6\(RK1+2*RK2+2*RK3+RK4);
U ( 1:16, n) = U (1:16,n-1)+dt.*RK;
Ndl ( :,n) = X ( 5 : 8,. n) ;
Nd2 ( :t n) =: [ kwl 0 0 0
0 kw2 0 0
0 0 kw3 0
0 0 0 kw4 ] *U ( 5 : 8 , n) + [ dwl 0
0 dw2 0 0
0 0 dw3 0
0 0 0  dw4 ]*U(13 :16,n) ;
N d (:,n)= Nd l (:,n)-Nd2(:, n);
U (17 : 24,n-1)= [-M\K - M \ D ]*U(1:16,n-1)+MX(:, n-1) ;
z (:,n)= [ 1 cl c3 
1 cl -c4 
1 -c2 c3





else dl= die; 
end;
if z(2,n)~= 0;
d2= 2\(d2e+d2c)+2\(d2e-d2c)*sign(z (2,n)) ; 
elseif z(2,n-l)> 0;
d2= d2e; 
else d2= d2c; 
end;
if z(3,n)~= 0;
d3= 2\(d3e+d3c)+2\(d3e-d3c)*sign(z (3, n)) ; 
elseif z(3,n-l)> 0;
d3= d3e; 
else d3= d3c; 
end;
if z (4,n)~= 0;




else d4= d4c; 
end;
d ( : ,  n ) = [dl;d2;d3;d4]; 
end;
D=t dh -dh -dh*al -dh*a2 0 0 0 0
-dh dl+d2+d3+d4+dh cl*(dl+d2)-c2*(d3+d4)+dh*al c3*(dl+d3)-c4*(d2+d4)+dh*a2 ... 
-dl -d2 -d3 -d4
-dh*al cl*(dl+d2)-c2*(d3+d4)+dh*al cl/'2* (dl+d2)+c2/'2* (d3+d4)+dh*al/'2 ...
dl*cl*c3-d2*cl*c4-d3*c2*c3+d4*c2*c4+dh*al*a2 -dl*cl -d2*cl d3*c2 d4*c2
-dh*a2 c3* (dl+d3) -c4* (d2+d4) +dh*a2 dl*cl*c3-d2*cl*c4-d3*c2*c3+d4*c2*c4+dh*al*a2
c3/'2* (dl+d3) +c4~2*(d2+d4 )+dh*a2~2 -dl*c3 d2 *c4 -d3*c3 d4*c4
0 -dl -dl*cl -dl*c3 dl+dwl 0 0 0
0 -d2 -d2*cl d2*c4 0 d2+dw2 0 0
0 -d3 d3*c2 -d3*c3 0 0 d3+dw3 0
0 -d4 d4*c2 d4*c4 0 0 0 d4+dw4




title(!(a) humanbody disp. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m!) 
xlabel(1 time (s) ')
ylabel('humanbody displacement (m)')
axis([0 5 -0.03 0.005])
grid on, box on
subplot(3,1,2)
plot(t (1:r),U (9,1:r ))
title('(b) humanbody velo. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m') 
xlabel('time (s)')
ylabel('humanbody velocity (m/s)')
axis([0 5 -0.15 0.15])
grid on, box on
subplot(3,1,3)
plot(t(l:r),U (17,1:r ))
title('(c) humanbody acce. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m, a2=0.4m' ) 
xlabel('time (s)1)
ylabel ( 1 humanbody acceleration (m/s''2)') 
axis([0 5 -1.5 1.5]) 




plot (t (1: r) , U (2,1: r ) ) 
title(’(a) bounce disp. vs. 
xlabel('time (s)') 
ylabel('bounce displacement 
axis([0 5 -0.014 0]) 
grid on, box on 
subplot(3,1,2) 
plot(t (1;r ),U (10,1:r )) 
title('(b) bounce velo. vs. 
xlabel('time (s)') 
ylabel('bounce velocity (m/s)') 
axis([0 5 -0.06 0.03]) 
grid on, box on 
subplot(3,1,3) 
plot(t (1:r ),U (18,1:r )) 
title('(c) bounce acce. 1 
xlabel('time (s)')
ylabel ('bounce acceleration (m/s/'2) ') 
axis((0 5 -0.7 0.8]) 
grid on, box on 
orient tall
time at v=20ro/s,J12=pi/2rad,L=5m,al=0.3m, a2=0.4m')
(m) '
time at v=20m/s,J12=pi/2rad,L=5m,ai=0.3m,a2=0.4m'




title('(a) pitch disp. vs. time at
xlabel('time (s)')
ylabel('pitch angular displacement 




grid on, box on
subplot(3,1,2)
plot(t (1:r ),U (11,1:r ))
title(’<b) pitch velo. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m, a2=0.4m’) 
xlabel('time (s)')
ylabel('pitch angular velocity (rad/s)')
axis([0 5 -0.15 0.15])
grid on, box on
subplot(3,1,3)
plot(t(1:r),U (19,1:r ))
title ( ' ( c )  pitch acce. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m') 
xlabel('time (s)')
ylabel('pitch angular acceleration (rad/s'M)') 
axis([0 5 -4.5 4.5]) 




plot(t (1:r ),U (4,1:r ))
title('(a) roll disp. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m, a2=0.4m') 
xlabel(1 time (s) 1)
ylabel('roll angular displacement (rad)')
axis([0 5 -0.005 0.0015])
grid on, box on
subplot(3,1,2)
plot(t (1:r),U (12,1:r ))
title('(b) roll velo. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m, a2=0.4m' ) 
xlabel('time (s)')
ylabel('roll angular velocity (rad/s)')
axis([0 5 -0.03 0.04])
grid on, box on
subplot(3,1,3)
plot (t (1: r ), U (2 0,1: r) )
title('(c) roll acce. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m') 
xlabel('time (s)')
ylabel('roll angular acceleration (rad/s/'2)') 
axis([0 5 -1 0.8]) 





title('(a) wheel 1 disp. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m, a2=0.4m') 
xlabel('time (s)')
ylabel('wheel 1 displacement (m)')
axis([0 5 -0.015 0.015])
grid on, box on
subplot(3,1,2)
plot(t(l:r),U(13,l:r))
title('(b) wheel 1 velo. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m, a2=0.4m')
xlabel(1 time (s) ')
ylabel('wheel 1 velocity (m/s)')
axis([0 5 -0.3 0.4])
grid on, box on
subplot(3,1,3)
plot(t(1:r),U(21,1:r))
title ( ' ( c )  wheel 1 acce. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2-0.4m ' ) 
xlabel('time (s ) ' )
ylabel('wheel 1 acceleration (m/s~2)') 
axis([0 5 -12 14]) 





title('(a) wheel 2 disp. vs. time at v=20m/s,J12=pi/2rad,L=5m, al-0.3m, a2-0.4m ) 
xlabel('time (s)')
ylabel('wheel 2 displacement (m)')
axis([0 5 -0.02 0.018])
grid on, box on
subplot(3,1,2)
plot(t(l:r),U(14,l:r))
title('(b) wheel 2 velo. vs. time at v=20m/s,J12=pi/2rad,L=5m,al-0.3m,a2-0.4m ) 
xlabel('time (s) ' )
B-8
ylabel(’wheel 2 velocity (m/s)')
axis([0 5 -0.4 0.5])
grid on, box on
subplot(3,1,3)
plot(t(l:r),U (22,1:r) )
title('(c) wheel 2 acce . vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m') 
xlabel('time (s) ')
ylabel (' wheel 2 acceleration (m/s/v2)') 
axis([0 5 -18 19]) 





title('(a) wheel 3 disp. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('time (s)')
ylabel(’wheel 3 displacement (m)')
axis([0 5 -0.015 0.015])
grid on, box on
subplot(3,1,2)
plot(t(l:r),U(15,l:r))
title ( ' ( b )  wheel 3 velo. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('time (s)')
ylabel('wheel 3 velocity (m/s)')
axis([0 5 -0.3 0.4])
grid on, box on
subplot(3,1,3)
plot(t(l:r),U(23,l:r))
title('(c) wheel 3 acce. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m') 
xlabel('time (s) ' )
ylabel ('wheel 3 acceleration (m/s/'2)') 
axis([0 5 -11 12]) 





title('(a) wheel 4 disp. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m') 
xlabel('time (s)')
ylabel('wheel 4 displacement (m)')
axis([0 5 -0.015 0.015] )
grid on, box on
subplot(3,1,2)
plot(t(l:r),U (16,1:r))
title('(b) wheel 4 velo. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('time (s)')
ylabel('wheel 4 velocity (m/s)')
axis([0 5 -0.4 0.5])
grid on, box on
subplot(3,1,3)
plot(t(l:r),U(24, l:r) )
title('(c) wheel 4 acce. vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m') 
xlabel('time (s) ' )
ylabel('wheel 4 acceleration (m/s^2)') 
axis([0 5 -20 20]) 





title('(a) humanbody phase plot at v=20m/s,J12=pi/2rad,L=5m,al-0.3m,a2-0.4m )
xlabel('displacement (m)')
ylabel('velocity (m/s)')
axis([-0.028 0.0025 -0.17 0.17])
grid on, box on
subplot(2,1,2)
plot(U(2, :), U (10, :) )
title('(b) bounce phase plot at v=20m/s,J12=pi/2rad,L—5m,ai-0.3m,a Z - 0 .4m )
xlabel('displacement (m)')
ylabel('velocity (m/s)')
axis([-0.014 0.001 -0.07 0.04])






title('(a) pitch phase plot at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m1)
xlabel(1 angular displacement (rad)')
ylabel(’angular velocity (rad/s)')
axis([-0.009 0.006 -0.18 0.18])
grid on, box on
subplot(2,1,2)
plot(U(4,:),U(12,:))
title C(b) roll phase plot at v=20m/s, J12=pi/2rad, L=5m, al=0.3m, a2=0.4m')
xlabel(1 angular displacement (rad)')
ylabel('angular velocity (rad/s)')
axis([-0.005 0.002 -0.032 0.04 ])





title('(a) wheel 1 phase plot at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('displacement (m)')
ylabel('velocity (m/s)')
axis([-0.019 0.019 -0.49 0.49])
grid on, box on
subplot(2,1,2)
plot(U(6,:),U(14,:))
title('(b) wheel 2 phase plot at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('displacement (m)')
ylabel('velocity (m/s)')
axis([-0.019 0.019 -0.49 0.49])





title('(a) wheel 3 phase plot at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m’)
xlabel(1 displacement (m) ’)
ylabel('velocity (m/s)')
axis([-0.019 0.019 -0.49 0.49])
grid on, box on
subplot(2,1,2)
plot(U(8,:),U (16,:))
title('(b) wheel 4 phase plot at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('displacement (m)')
ylabel('velocity (m/s)')
axis([-0.019 0.019 -0.49 0.49])




plot (t (r: end) , U (5, r : end) , ' - . ' , t (r : end) , x (1, r : end) , ' —  ' , ... 
t(r:end),x (1,r :end)-U(5, r :end) , '-')




axis([5 7 -0.015 0.015])
grid on, box on
subplot(2,1,2)
plot(t(r:end),U(6,r :end) , '- . ',t(r:end),x (2, r :end) , ' ' , ...
t (r :end),x (2,r :end)- U (6, r :end) , '-')




axis([5 7 -0.015 0.015])





plot(t(rrend),U(7,rrend), ' - . ',t(rrend),x (3,rrend), ’ —  ', - • •
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t(r:end),x (3,rrend)-U(7, r:end) , '-')




axis([5 7 -0.015 0.015])
grid on, box on
subplot(2,1,2)
plot(t(r:end),U(8,r:end), •,t(r:end),x (4,r :end) , ' —  *, ...
t(r:end),x(4,rrend)-U(8,rrend), 1 - 1)




axis( [5 7 -0.015 0.015])





plot(t(lrr),d(l,lrr), t(lrr),z (1,lrr)*1000+2335, ' —  ',t (1rr),2335*ones(1,r),'-.') 
title ( ' (a ) damping 1 (solid line) vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m') 
xlabel('time (s) ' )
ylabel('solid line: damping (N*s/m)') 
axis([0 5 500 4000]) 
grid on, box on 
subplot(2,1,2)
plot(t(lrr),d(2,lrr), ,t(lrr),z (2,1:r)*1000+2335, ' —  ',t(lrr),2335*ones(1,r) , '-. ’ )
title ( ' (b) damping 2 (solid line) vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m, a2=0.4m') 
xlabel('time (s)')
ylabel('solid line: damping (N*s/m)')
axis( [0 5 500 4000])





plot (t (lrr) , d (3,1: r ) , '-',t(l:r) , z (3, 1: r ) *1000+163 5, • — ', t (lrr) , 1635*ones (1, r), '-. ') 
title('(a) damping 3 (solid line) vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m') 
xlabel('time (s) ' )
ylabel('solid line: damping (N*s/m)') 
axis([0 5 600 2600]) 
grid on, box on 
subplot(2,1,2)
plot(t(lrr),d (4,1rr), '-',t(l:r),z (4,1rr)*1000+1635, ' — ' , t(l:r),1635*ones(1, r) ,'-.') 
title('(b) damping 4 (solid line) vs. time at v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m') 
xlabel('time (s)')
ylabel('solid line: damping (N*s/m)')
axis([0 5 600 2600])










axis((0 5 -1200 1200])
grid on, box on
subplot(2,1,2)
plot(t(lrr),N d (2,1:r ))




axis([0 5 -1000 1200])






plot(t (1:r ),N d (3,1:r ))
title('(a) dynamic reaction on wheel 3 vs. time at
v=20m/s,J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel(1 time (s ) ')
ylabel('reaction (N)')
axis([0 5 -1000 1000])
grid on, box on
subplot(2,1,2)
plot(t (1:r ),N d (4,1:r ))




axis([0 5 -1000 1000])




Program  “am p i”
% ampi This program is used to calculate the responses of amplitude vs. car velocity 
% under condition 1: J12=pi/2rad,L=5m,al=0.3m,a2=0.4m.




J12= pi/2 ; 
vmax= 80;
% for condition 2, al= 0
for condition 2, a2= 0
% for condition 2, L= 2.5
% for condition 2, J12= 0



















dw2 = 0 ; 
dw3= 0; 























U0= [0; Oo : 0; 0; 0,r 0 ; 0, Oo ; 0; o o o o o
M= [ mh 0 0 0 0 0 0 0
0 ms 0 0 0 0 0 0
0 0 IP• 0 0 0 0 0
0 0 0 Ir 0 0 0 0
0 0 0 0 mwl 0 0 0
0 0 0 0 0 mw2 0 0
0 0 0 0 0 0 mw3 0
0 0 0 0 0 0 0 mw4 ] ;
K= [ kh _kh -kh *al -kh*.
-kh kl+k2+k3+k4+kh cl* (kl+k2 ) -c2'
- kl -k2 -k3 -k4
-kh* al cl * (kl+k2i) -c2 * ( k3+k4 ) +kh*a.
-kh*a2 c3*(kl+k3)-c4*(k2+k4)+kh*a2 kl*cl*c3-k2*cl*c4-k3*c2*c3+k4*=2*c4+kh*al*a2




















o -k4 k4*c2 k4*c4
Ns= 9.8.*[ mwl+4\ms 
mw2 + 4\ms 
mw3+4\ms













xw= zeros (14, vmax);



































t= 0 :dt:t f; 
tt= 2\dt:dt:tf-dt/2; 








dx= [ Al*Bl*cos(Bl*t+Jl) 
A2*B2*c o s (B2*t+J2) 
A3*B3*cos(B3*t+J3) 
A4*B4*cos(B4*t+J4) ];






0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
kwl 0 0 0
0 kw2 0 0
0 0 kw3 0
0 0 0 kw4 ]*x+[ 0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
dwl 0 0 0
0 dw2 0 0
0 0 dw3 0
0 0 0 dv
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
kwl 0 0 0
0 kw2 0 0
0 0 kw3 0
0 0 0 kw4 0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
dwl 0 0 0
0 dw2 0 0
0 0 dw3 0








U (1:16,1)= UO; 
z (:,1)= [ 1 cl c3 
1 cl -c4 
1 -c2 c3
1 -c2 -c4 ]*U(10 :12,1)-U(13:16,1); 




D = [ dh -dh -dh*al -dh*a2 0 0 0 0
-dh dl+d2+d3+d4+dh cl*(dl+d2)-c2*(d3+d4)+dh*al c3*(dl+d3)-c4*(d2+d4)+dh*a2 ...
-dl -d2 -d3 -d4
-dh*al cl*(dl+d2)-c2*(d3+d4)+dh*al cl/'2* (dl+d2 ) +c2 A2* (d3+d4 ) +dh*al~2 ...
dl*cl*c3-d2*cl*c4-d3*c2*c3+d4*c2*c4+dh*al*a2 -dl*cl -d2*cl d3*c2 d4*c2
-dh*a2 c3*(dl+d3)-c4*(d2+d4)+dh*a2 dl*cl*c3-d2*cl*c4-d3*c2*c3+d4*c2*c4+dh*al*a2 ... 
c3rv2* (dl+d3) +c4~2* (d2+d4 ) +dh*a2~2 -dl*c3 d2*c4 -d3*c3 d4*c4
0 -dl -dl*cl -dl*c3 dl+dwl 0 0 0
0 -d2 -d2*cl d2*c4 0 d2+dw2 0 0
0 -d3 d3*c2 -d3*c3 0 0 d3+dw3 0
0 -d4 d4*c2 d4*c4 0 0 0 d4+dw4
U ( 17 :24,1 ) = [-M\K -M\D] *U(1:16, 1) +MX ( : , 1) ;
Ndl(:,!)= X (5:8,1);
kwl 0 0 0
0 kw2 0 0
0 0 kw3 0
0 0 0 kw4 dwl 0 0 0
0 dw2 0 0
0 0 dw3 0
0 0 0 dw4 ]*U(13 :16,1
Nd (:, 1)= Nd l (:, 1)-Nd2(:,1) ;
for n= 2:1:tf/dt+1;
S= [zeros(8) eye(8);-M\K -M\D];
B-15
RK1= S *U(1:16,n-1) + [0; 0; 0; 0; 0; 0; 0; 0;M X (:, n-1) ] ;
RK2= S*(U(1:16,n-1)+2\dt.*RK1) + [0; 0 ; 0; 0 ; 0; 0; 0 ; 0;MXX(:,n-1)] ;
RK3= S * (U(1:16,n-1)+2\dt.*RK2) + [0 ; 0 ; 0 ; 0 ; 0 ; 0 ; 0; 0 ;MXX(:,n-l) ] ;
RK4= S*(U(l:16,n-1)+dt.*RK3)+ [0; 0; 0; 0; 0; 0; 0; 0;MX ( :, n) ] ;
RK= 6\(RK1+2*RK2+2*RK3+RK4);
U(1:16,n)= U (1:16,n-1)+dt.*RK;
z ( :, n)= [ 1 cl c3 
1 cl -c4 
1 -c2 c3
1 -c2 -c4 ]* U (10 :12,n)- U (13 :16,n);
if z(l,n)~= 0;























D=[ dh -dh -dh*al -dh*a2 0 0 0 0
-dh dl+d2+d3+d4+dh cl*(dl+d2)-c2*(d3+d4)+dh*al c3*(dl+d3)-c4*(d2+d4)+dh*a2 
-dl -d2 -d3 -d4
-dh*al cl* (dl+d2)-c2* (d3+d4)+dh*al cl/'2* (dl+d2 )+c2/'2* (d3+d4 )+dh*al"2 ...
dl*cl*c3-d2*cl*c4-d3*c2*c3+d4*c2*c4+dh*al*a2 -dl*cl -d2*cl d3*c2 d4*c2
-dh*a2 c3*(dl+d3)-c4*(d2+d4)+dh*a2 
c3/'2* (dl+d3) +c4/v2* (d2+d4 ) +dh*a2/'2 
0 -dl -dl*cl -dl*c3
0 -d2 -d2*cl d2*c4
0 -d3 d3*c2 -d3*c3
0 -d4 d4*c2 d4*c4
dl*cl*c3-d2*cl*c4-d3*c2*c3+d4*c2*c4+dh*al*a2 

















U (17 : 24,n)= [-M\K -M\D]*U(1:16,n)+MX(:,n);
Ndl(:,n)= 
Nd2 ( : ,n) =
5:8,, n) ;
kwl 0 0 0
0 kw2 0 0
0 0 kw3 0
0 0 0 kw4 ]*U(5 : 8,n) + [ dwl













dw4 ]*U(13 :16, n)
if v=— 10;
Uh= U(17,1:1+6/dt); 
th= t (1:1+6/dt); 
end;
if v==40;
N= N d (:,1:1+5/dt); 
tn= t ( 1:1+5/dt); 
end;
maU= max(U(:,rl: end) ’) ; 
miU= min(U(:, rl: end)’) ;




2 \ (m a U ( 1 ) + m i U ( 1 ) )  
m a U (9)  
m i U (9)
2 \ ( m a U ( 9 ) + m ± U ( 9 ) )  
m a U ( 1 7 )  
m i U ( 1 7 )
2 \ ( m a U ( 1 7 ) + m i U ( 1 7 ) ) ] 
a m p 2 ( : , v ) =  [ v  
B 1
m a U (2)  
m i U (2)
2 \ ( m a U ( 2 ) + m i U ( 2 ) )
m a U ( 1 0 )
m i U ( l O )
2 \ ( m a U ( 1 0 ) + m i U ( 1 0 ) ) 
m a U ( 1 8 )  
m i U ( 1 8 )
2 \ ( m a U ( 1 8 ) + m i U ( 1 8 ) ) ] ;  
amp3 ( : ,  v )  =  [ v  
B 1
ma U(3)  
m i U (3)
2 \ ( m a U ( 3 ) + m i U ( 3 ) )
m a U ( 1 1 )
m i U ( l l )
2 \ ( m a U ( 1 1 ) + m i U ( 1 1 ) )  
m a U ( 1 9 )  
m i U ( 1 9 )
2 \ (m a U ( 1 9 ) + m i U ( 1 9 ) ) ] ;  
amp4 ( : ,  v )  =  [ v  
B 1
m a U (4)  
m i U (4)
2 \ ( m a U ( 4 ) + m i U ( 4 ) )  
m a U ( 1 2 )  
m i U ( 1 2 )
2 \ ( m a U ( 1 2 ) + m i U ( 1 2 ) )  
m a U ( 20)  
m i U (20)
2 \ ( m a U ( 2 0 ) + m i U ( 2 0 ) ) ]  ; 
a m p 5 ( : , v ) =  [ v  
B 1
ma U(5)  
m i U (5)
2 \ ( m a U ( 5 ) + m i U ( 5 ) )  
m a U ( 1 3 )  
m i U ( 1 3 )
2 \ ( m a U ( 1 3 ) + m i U ( 1 3 ) )  
ma U( 2 1 )  
m i U ( 2 1 )
2 \ ( m a U ( 2 1 ) + m i U ( 2 1 ) ) ] ;  
a m p 6 ( : , v ) =  [ v  
B 1
m a U (6)  
m i U (6)
2 \ ( m a U ( 6 ) + m i U ( 6 ) )  
m a U ( 1 4 )  
m i U ( 1 4 )
2 \ (m a U ( 1 4 ) + m i U ( 1 4 ) )  
m a U ( 2 2 )  
m i U ( 22 )
2 \ ( m a U ( 2 2 ) + m i U ( 2 2 ) ) ] ;  
amp 7 ( : ,  v)  =  [ v  
B 1
ma U(7)  
m i U (7)
2 \ ( m a U ( 7 ) + m i U ( 7 ) )  
m a U ( 1 5 )  
m i U ( 1 5 )
2 \ ( m a U ( 1 5 ) + m i U ( 1 5 ) )  
m a U ( 23 )  
m i U ( 2 3 )
2 \ ( m a U ( 2 3 ) + m i U ( 2 3 ) ) ] ;  
amp8 ( : ,  v )  =  [ v  
B 1
m a U (8)  
m i U (8)
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2\ (maU(8) +miU(8) ) 
m a U (16) 
miU(16)




x w (:,v )= [ v 
B1
m a x (x (1,r1 : end)- U (5,r1 : end)) 
min(x (1,rl: end)-U(5,rl: end))
2\ (max (x (1, rl : end) -U (5, rl : end) ) +min (x (1, rl : end) -U ( 5, rl rend) ) ) 
max(x(2,rl: end)-U(6,rl: end)) 
min(x(2,rlrend)-U(6,rlrend))
2\ (max(x(2, rl: end)-U(6,rl: end))+min(x(2,rl: end)-U(6, rl: end) ) ) 
max(x(3,rl: end)-U(7,rl: end)) 
min(x(3,rl: end)-U(7,rl: end))
2\(max(x(3,rlrend)-U(7,rlrend))+min(x(3,rl: end)-U(7, rl : end) ) ) 
max(x(4,rl: end)-U(8,rlr end)) 
min(x(4,rlr end)-U(8,rlr end))
2\ (max(x(4, rlrend)-U(8,rlrend))+min(x(4,rl: end)-U(8, rlrend) ) ) ] ;




2\(max(Nd(1,rlr end))+min(Nd(1,rlr end))) 
max(N d (2,r1 r end)) 
min(Nd(2,rlr end))
2\(max(Nd(2,rlr end))+min(Nd(2,rlr end))) 
max(Nd(3,rlr end)) 
min(Nd(3,rl: end))
2\(max(Nd(3,rlr end))+min(Nd(3,rlr end))) 
max(Nd(4,rl: end)) 
min(Nd(4,rlr end))
2\(max(Nd(4,rlr end))+min(Nd(4, rlr end) ) ) ] ; 
v
end;
[max_uh_value,max_uh_point]= max(ampl(3, r) )
[min_uh_value, min_uh_point] == min(ampl(4, r) )
[max_uh_amplitude_value, max_uh_amplitude__point ] = max ( ampl ( 3, r ) -ampl ( 5, : ) ) 
[max_ub_value,max_ub_point]= max(amp2(3,r))
[min_ub_value,min_ub_point]= min(amp2(4, r))
[max_ub_amplitude_value,max_ub_amplitude_point] = max(amp2(3, r)-amp2(5, r)) 
[max_up_value,max_up_pomt] = max(amp3(3, r))
[min_up_value,min_up_point] = min (amp3 ( 4, : ) )
[max_up_amplitude_value,max_up_amplitude_point] = max(amp3(3, r)-amp3(5, : ) ) 
[max_ur_value,max_ur_point]= ma x (amp4(3, r))
[min_ur_value,min_ur_point]= min(amp4(4, r))
[max ur amplitude value, max__ur_amplitude_point] = max(amp4(3, :)-amp4(5, : ) ) 
[max_uwl_value,max_uwl_point]= max(amp5(3,r))
[min_uwl_value, min_uivl_point] = min ( amp5 ( 4, : ) )
[max uwl amplitude value,max_uwl_amplitude_point]= max(amp5(3, r)-amp5(5, r)) 
[max_uw2_value,max_uw2_point]= max(amp6(3, r))
[min_uxv2_value, min_uw2_point] = min ( amp6 ( 4 ,  r ) )
[max uw2 amplitude value,max_uw2_amplitude_point]= max(amp6(3, :)-amp6(5, r) ) 
[max_uw3_value,max_uw3_point]= max(amp7(3, r))
[min_uw3_value,min_uw3_point]= min(amp7(4, r) )
[max uw3 amplitude value,max_uw3_amplitude_point]= max(amp7(3, r)-amp7(5,.)) 
[max_uw4_value,max_uw4_point]= max(amp8(3,r))
[min_uw4_value,min_uw4_point]= min(amp8(4, r))
[max uw4 amplitude value,max_uw4_amplitude_point]= max(amp8(3, r)-amp8(5, .) ) 
[max_xw_value,max_xw_point]= max(xw(3r3 r12, r) ')
[min_xw_value,min_xw_point]= min(xw ( 4 r 3 r 13 ,  r ) ' )
[max xw amplitude_value,max_xw_amplitude_point]= max(xw(3 : 3 :12, : ) -xw(5.3.14, 
[max reaction_value,max_reaction_point]= max(ampN(3 r3 :12, : ) )
[min reaction value,min_reaction_point]= min(ampN(4 r3 r13, r) )  ̂ ^
[max reaction amplitude,max_reaction_amplitude_point]= max(ampN(3.3.12 , . ) .
ampN(5 r 3 r14, r) ') 
figure(1)
subplot(3,1,1) ,
plot(ampl(1, r),ampl(3, r), '- ',ampl(1, r),ampl(4, r), ' —  ',ampl(1, :),ampl(5, r) , -. 
title('(a)  humanbody disp, vs . car vélo, at J12=pi/2rad,L=5m,al=0.3m, a2-0.4m 
xlabel('car velocity (m/s)')
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y l a b e l ( ' humanbody d i s p la c e m e n t  ( m ) ' ) 
a x i s ( [ 0  vmax - 0 . 0 2 2  0 . 0 1 4 ] )  
g r i d  on, bo x  on 
s u b p l o t ( 3 , 1 , 2 )
p l o t ( a m p l (1, : ) , a m p l (6, : ) ,  ' -  ' , a m p l (1, : ) , a m p l (7, : ) ,  1- - 1, a m p l ( 1 , : ) , a m p l (8, : )  , ' -  ' )
t i t l e  ( ' (b) humanbody v e l o .  v s .  c a r  v e l o .  a t  J 1 2 » p i / 2 r a d , L * 5 m , a l= 0 . 3m,a2=o!4m»)
x l a b e l ( ' c a r  v e l o c i t y  ( m / s ) ' )
y l a b e l ( ' humanbody v e l o c i t y  ( m / s ) ' )
g r i d  on, box  on
s u b p l o t ( 3 , 1 , 3 )
p l o t  ( ampl (1 , : ) , ampl (9 , : ) ,  , ampl (1, : ) , a m p l ( 1 0 ,  : ) ,  ' — ' , a m p l ( l ,  : ) , a m p l ( l l ,  : ) , ' - .
t i t l e ( ' ( c )  humanbody a c c e .  v s .  c a r  v e l o .  a t  J 1 2 = p i / 2 r a d , L = 5 m , a l= 0 . 3m ,a2=0. 4 m ')
x l a b e l ( ' c a r  v e l o c i t y  ( m / s ) ' )
y l a b e l  ( ' humanbody a c c e l e r a t i o n  (m /s /v2 ) ' )
a x i s ( [ 0  vmax - 2 . 3  2 . 3 ] )
g r i d  on, box on
o r i e n t  t a l l
f i g u r e (2) 
s u b p l o t ( 3 , 1 , 1 )
p l o t  ( amp2 (1, : ) , amp2 ( 3 ,  amp2 ( 1, : ) , amp2 ( 4 ,  amp2 ( 1, : )  , amp2 ( 5 , : ) , ' - . ' )
t i t l e ( ' ( a )  bounce d i s p .  v s .  c a r  v e l o .  a t  J 1 2 = p i / 2 r a d , L = 5 m , a l= 0 . 3m ,a2=0. 4m1)
x l a b e l ( ' c a r  v e l o c i t y  ( m / s ) ' )
y l a b e l ( ' bounce d i s p la c e m e n t  ( m ) ' )
a x i s ( [ 0  vmax - 0 . 0 1 9  0 . 0 0 3 ] )
g r i d  on , box  on
s u b p l o t ( 3 , 1 , 2 )
p l o t ( a m p 2 (1, :) , amp2(6, :), 1 -' , amp2(1, :) , amp2(7,:),'--',amp2(1, :),amp2(8, :),'-.')
t i t l e ( ' ( b )  bounce v e l o .  v s .  c a r  v e l o .  a t  J 1 2 = p i / 2 r a d , L = 5 m , a l= 0 . 3m ,a2=0. 4m' )
x l a b e l ( ' c a r  v e l o c i t y  ( m / s ) ' )
y l a b e l ( ' bounce v e l o c i t y  ( m / s ) ' )
a x i s ( [ 0  vmax - 0 . 0 4 5  0 . 0 4 5 ] )
g r i d  on, box on
s u b p l o t ( 3 , 1 , 3 )
p l o t (amp2( 1 , : ) , amp2( 9 , : ) , ' - ' , amp2( 1 , : ) , amp2( 1 0 , : ) , ' — ' , amp2( 1 , : ) , amp2( 1 1 , : ) , ' - .
t i t l e ( ' ( c )  bounce a c c e .  v s .  c a r  v e l o .  a t  J 1 2 = p i / 2 r a d , L = 5 m , a l= 0 . 3m ,a2=0. 4 m ')
x l a b e l ( ' c a r  v e l o c i t y  ( m / s ) ' )
y l a b e l  ( '  bounce a c c e l e r a t i o n  (m /s ,' 2 ) ' )
a x i s ( [ 0  vmax - 0 . 7  0 . 7 ] )
g r i d  on, box  on
o r i e n t  t a l l
f i g u r e ( 3) 
s u b p l o t ( 3 , 1 , 1 )
p l o t ( a m p 3 ( 1, : ) , amp3(3, : ) ,  ' - ' , amp3(1, : ) , amp3( 4, : ) ,  ' —  ' , amp3(1, : ) , amp3(5, : ) , ' - . '  )
title('(a) pitch disp. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m, a2=0.4m' )
x l a b e l ( ' c a r  v e l o c i t y  ( m / s ) ' )
y l a b e l ( ' p i t c h  a n g u la r  d i s p la c e m e n t  (rad)')
a x i s ( [ 0  vmax - 0 . 0 1 3  0 . 0 1 3 ] )
g r i d  on, box  on
s u b p l o t ( 3 , 1 , 2 )
p l o t (amp3(1, :),amp3(6, :), '- ',amp3(1, :),amp3(7, :), ' ,amp3(1, :),amp3(8,:),'-.' )
t i t l e ( ' ( b )  pitch velo. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m,a2=0.4m1)
x l a b e l ( ' c a r  v e l o c i t y  ( m / s ) ' )
y l a b e l ( ' p i t c h  a n g u la r  v e l o c i t y  ( r a d / s ) ' )
g r i d  on, box  on
s u b p l o t  ( 3 , 1 , 3 )
plot(amp3(1,:),amp3(9,:), '-',amp3(1,:),amp3( 1 0 , : ) , amp3(1,:),amp3(11,:), '-. 
title('(c) pitch acce. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m, a2=0.4m ) 
xlabel('car velocity (m/s)')
y l a b e l ( ' p i t c h  a n g u la r  a c c e l e r a t i o n  ( r a d / s ~ 2 ) ' )  
a x i s ( [ 0  vmax - 6  6 ] )  
g r i d  on, box  on 
o r i e n t  t a l l
f i g u r e  (4) 
s u b p l o t ( 3 , 1 , 1 )
p l o t (amp4(1, : ) , amp4( 3, : ) , ' - ' , amp4( 1, : ) , amp4( 4, : ) , ' ' , amp4(1, . ) , amp4( 5, .)
t i t l e ('(a) r o l l  d i s p .  v s .  car v e l o .  a t  J12=pi/2rad,L=5m,al = 0 . 3m, a 2 - 0 . 4m )
x l a b e l ( ' c a r  v e l o c i t y  ( m / s ) ' )
y l a b e l ( ' r o l l  a n g u la r  d i s p la c e m e n t  ( r a d ) ' )
a x i s ( [ 0  vmax - 0 . 0 0 8  0 . 0 0 2 ] )
g r i d  on, box  on
s u b p l o t ( 3 , 1 , 2 )  . . iq .
p l o t ( a m p 4 (1, : ) , amp4( 6, : ) ,  ' - ' , a m p 4 ( l ,  : ) ,a m p 4 (7 ,  : ) ,  —  ,a m p 4 ( l ,  : ) ,a m p 4 (8 ,  
t i t l e ( ' ( b )  r o l l  v e l o .  v s .  c a r  v e l o .  a t  J 12= p i / 2r a d , L - 5 m , a l - 0 . 3m, a2 J . 4m ) 
x l a b e l ( ' c a r  v e l o c i t y  ( m / s ) ' )
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ylabel('roll angular velocity (rad/s)') 
axis([0 vmax -0.06 0.06]) 
grid on, box on 
subplot(3,1,3)
plot(amp4 (1, : ) , amp4 (9, , amp4 (1, : ) , amp4 (10, :),' —  ', amp4 (1, :) , amp4 (11, :),'-.' )
title('(c) roll acce. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('car velocity (m/s)')
ylabel ('roll angular acceleration (rad/s~2)')
axis([0 vmax -2.0 2.2])




plot(amp5 (1, :),amp5(3, :), '- ’,amp5(1, :),amp5(4, :) , ' —  ',amp5(1, :),amp5(5, : ) , 1 - . ')
title('(a) wheel 1 disp. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m, a2=0.4m' )
xlabel('car velocity (m/s)')
ylabel('wheel 1 displacement (m)')
axis([0 vmax -0.015 0.015])
grid on, box on
subplot(3,1,2)
plot (amp5 (1, : ) , amp5 (6, :), '-',amp5(l, :),amp5(7, :), ' — ' , amp5 (1, :),amp5(8, :),'-.')
title(’(b) wheel 1 velo. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m,a2=0.4m’)
xlabel('car velocity (m/s)')
ylabel(’wheel 1 velocity (m/s)')
axis([0 vmax -0.4 0.5])
grid on, box on
subplot(3,1,3)
plot(amp5(1, :) , amp5(9, : ) , ' - 1,amp5(1, :) , amp5(10, : ), ' ,amp5(1, :),amp5(11, :), 1 - . ')
title('(c) wheel 1 acce. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('car velocity (m/s)')
ylabel('wheel 1 acceleration (m/sA2)')
axis([0 vmax -35 25])




plot(amp6(1, :) , amp6(3, :), '-',amp6(1, :),amp6(4, :), ' —  ',amp6(1, :),amp6(5, :),'-.')
title('(a) wheel 2 disp. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('car velocity (m/s)')
ylabel('wheel 2 displacement (m)')
axis([0 vmax -0.018 0.018])
grid on, box on
subplot(3,1,2)
plot(amp6(1, :),amp6(6, :) , '- ',amp6(1, :),amp6(7, :) , 1--',amp6(1, : ) ,ampo(8, : ), 1 - . ' )
title('(b) wheel 2 velo. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m, a2=0.4m' )
xlabel('car velocity (m/s)')
ylabel('wheel 2 velocity (m/s)')
axis([0 vmax -0.6 0.7])
grid on, box on
subplot(3,1,3)
plot(amp6(1, :),amp6(9, :) , '-',amp6(1, :),amp6(10, :), amp6(1, : ) ,amp6(11, :), '-. ')
title('(c) wheel 2 acce. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('car velocity (m/s)')
ylabel('wheel 2 acceleration (m/s^2)')
axis([0 vmax -40 30])




plot(amp7(1, :),amp7(3, :), '-',amp7(1, :),amp7(4, :), ' —  ',amp7(1, :),amp7(5, :),'-.')
title('(a) wheel 3 disp. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('car velocity (m/s)')
ylabel('wheel 3 displacement (m)')
axis([0 vmax -0.014 0.015])
grid on, box on
subplot(3,1,2) t t
plot(amp7(1, :) , amp7(6, :), '-' , amp7(1, :),amp7(7, :), ' ',amp7(1, :),amp7(8, :), -̂. )
title('(b) wheel 3 velo. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m,a2-0.4m )
xlabel('car velocity (m/s)')
ylabel('wheel 3 velocity (m/s)')
axis([0 vmax -0.6 0.7])
grid on, box on
subplot(3,1,3) ,
plot (amp 7 (1, :) , amp7 (9, : ) , ' - ', amp7 (1, : ) , amp 7 (10, :), ' —  ' / amp7 (1/ : ) / ainP7 ' * '  ' ‘ '
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title('(c) wheel 3 acce. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('car velocity (m/s)')
ylabel ('wheel 3 acceleration (m/sr'2)')
axis([0 vmax -40 30])




plot(amp8(1, :) , amp8(3, :), '- ', amp8(1, :) , amp8(4, :), ' —  ',amp8(1,:),amp8(5,:),'-.')
title('(a) wheel 4 disp. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('car velocity (m/s)')
ylabel('wheel 4 displacement (m)1)
grid on, box on
subplot(3,1,2)
plot(amp8(1, :),amp8(6, :), '-',amp8(l, :),amp8(7, :), ’ —  ',amp8(l, :),amp8(8,:), ’-.')
title('(b) wheel 4 velo. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('car velocity (m/s)')
ylabel('wheel 4 velocity (m/s)')
axis([0 vmax -0.8 0.9])
grid on, box on
subplot(3,1,3)
plot (amp8 (1, : ) , amp8 (9, : ) , ' - ', amp8 (1, : ) , amp8 (10, : ) , ' —  ', amp8 (1, : ) , amp8 (11, : ) , ' - . '
title('(c) wheel 4 acce. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('car velocity (m/s)')
ylabel ('wheel 4 acceleration ( m/ s ' y2 ) ' )
axis([0 vmax -50 45])




plot (xw(l, : ) , xw( 3, : ) , ' - ', xw(l, : ) , xw( 4, : ) , ' —  ', xw(l, : ) , xw(5, : ) , ' - . ' ) 
title('(a) relative disp. of excit. 1 & wheel 1 vs. car velo. at ...
J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m') 
xlabel('car velocity (m/s)') 
ylabel('displacement (m)') 
axis([0 vmax -0.017 0.017]) 
grid on, box on 
subplot(2,1,2)
plot(x w (1, :) , x w (6, :), '-',x w (1, :),x w (7, :) , '-- 1,xw(1, :),xw(8, :) , '- . ' ) 
title('(b) relative disp. of excit. 2 & wheel 2 vs. car velo. at ...
J12=pi/2rad,L=5m,al=0.3m,a2=0.4m') 
xlabel('car velocity (m/s)') 
ylabel('displacement (m)') 




plot(xw(l, :) , xw(9, :), '-',xw(l, :),xw(10, :) , ' —  ',xw(l, :),xw(ll, :) , '- . ' )




grid on, box on
subplot(2,1,2)
plot(xw(1, :),xw(12, :), '-',xw(1, :),x w (13, :), ' —  ',xw(1, :),xw(14, :), '-.'




axis([0 vmax -0.022 0.022])




plot(ampN(1, :),ampN(3, :), '- ',ampN(1, : 
title('(a) dynamic reaction on wheel 
J12=pi/2rad,L=5m,al=0.3m,a2=0.4m') 
xlabel('car velocity (m/s)') 
ylabel('reaction (N)') 
axis([0 vmax -1700 1700]) 
grid on, box on 
subplot(2,1,2)
plot(ampN(1, :),ampN(6, :) , '- 1,ampN(1, :
,ampN(4,:),'— ',ampN(1,:),ampN(5,:),'-.') 
vs. car velo. at ...
,ampN(7,:),'— ',ampN(1,:),ampN(8,.), . )
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title('(b) dynamic reaction on wheel 2 vs. car velo. at ...
J12=pi/2rad,L=5m,al=0.3m,a2=0.4m') 
xlabel('car velocity (m/s)') 
ylabel('reaction (N)') 




plot(ampN { ! , : ) ,  ampN(9, :), '-',ampN(1, :),ampN(10, :), ' —  ’,ampN(1, :),ampN(11,:),'-.') 
title('(a) dynamic reaction on wheel 3 vs. car velo. at ...
J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m1) 
xlabel(1 car velocity (m/s)1) 
ylabel(1 reaction (N) 1 ) 
grid on, box on 
subplot(2,1,2)
plot(ampN(1, :) , ampN(12, :), ’-' , ampN(1, :) ,ampN(13, :), 1 ,ampN(1, :),ampN(14, :), ')
title(’(b) dynamic reaction on wheel 4 vs. car velo. at ...
J12=pi/2rad,L=5m,al=0.3m,a2=0.4m1) 
xlabel('car velocity (m/s)1) 
ylabel(1 reaction (N) ') 
axis([0 vmax -2200 2200]) 





title('(a) humanbody acce . vs. time at v=10m/s,J12=pi/2rad,L=5m,al=0.3m, a2=0.4m')
xlabel('time (s) ' )
ylabel (' acceleration (m/s/'2)1)
grid on, box on
subplot(2,1,2)
plot(ampl(1, :),ampl(9, :), '-',ampl(1, :),ampl(10, :), '--',ampl(1, :),ampl(11, :), ')
title('(b) humanbody acce. vs. car velo. at J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('car velocity (m/s)')
ylabel ('acceleration (m/s/'2)')
axis([0 vmax -2.3 2.3])
grid on, box on
orient tall
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Program  “ phas”
% phas T h is  p ro g ra m  i s  used  t o  c a l c u l a t e  th e  resp on se  o f  d is p la c e m e n t  phase la g  f rom  
% e x c i t a t i o n  v s .  c a r  v e l o c i t y  u n d e r  c o n d i t i o n  1: J 1 2 = p i / 2 r a d , L = 5 m , a l= 0 . 3m ,a2=0. 4m. 






f o r  c o n d i t i o n  2, a l=  0 
f o r  c o n d i t i o n  2, a2= 0 
f o r  c o n d i t i o n  2, L= 2 .5  
f o r  c o n d i t i o n  2, J12= 0 













































M= [ mh 0 0 0 0 0 0 0
0 ms 0 0 0 0 0 0
0 0 IP 0 0 0 0 0
0 0 0 Ir 0 0 0 0
0 0 0 0 mwl 0 0 0
0 0 0 0 0 mw2 0 0
0 0 0 0 0 0 mw3 0
0 0 0 0 0 0 0 mw4
K=[; kh _kh -kh*al
-kh kl+k2+k3+k4+kh cl* (kl+k2
- kl -k2 -k3 -k4
-kh*a2
-kh*al cl* ( kl + k2 ) -c2* ( k3+k4 ) +kh*al c i v - i K i t v v ^  ,
kl*cl*c3-k2*cl*c4-k3*c2*c3+k4*c2*c4+kh*al*a2 -kl*cl
-kh*a2 c3*{kl+k3)-c4 *(k2+k4)+kh*a2 
c3~2*(kl+k3)+c4^2*(k2+k4)+kh*a2A2 
0 -kl -kl*cl -kl*c3
0 -k2 -k2*cl k2*c4
0 -k3 k3*c2 -k3*c3
k2*cl k3*c2 k4*c2
kl*cl*c3-k2*cl*c4-k3*c2*c3+k4*c2*c4+kh*al*a2
-kl*c3 k2*c4 -k3*c3 k4*c4
kl+kwl 0 0 0
0 k2+kw2 0 0
0 0 k3+kw3 0
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0 -k4 k4*c2 k4*c4 0 0 0  k4+kw4 ]
phas= zeros (10, vmax);
for v= 1:1: vmax; 
dt= 0.0005;
if v== 1; 
tf= 30;
rl= (30-5)/dt-1; 
elseif v== 2; 
tf= 20;
rl= (20-2.5)/dt-1; 
elseif v== 3; 
tf= 15;
rl= (15-1.67)/dt-1; 
elseif v== 4; 
tf= 12;
rl= (12-1.25)/dt-1; 
elseif v== 5; 
tf= 10;
rl= (10-1)/dt-1; 
elseif v<= 10; 
tf* 9; 
rl= 16200; 
elseif v<= 20; 
tf= 8; 
rl= 15000; 






















dx= [ Al*Bl*cos(Bl*t+Jl) 
A2*B2*c o s (B2*t+J2) 
A3*B3*cos(B3*t+J3) 
A4*B4*cos(B4*t+J4) ];




0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
kwl 0 0 0
0 kw2 0 0
0 0 kw3 0
0 0 0 kw4 0 0 0 0
0 0 0 0
0 0 0 0
dwl 0 0 0  
0 dw2 0 0
0 0 dw3 0
0 0 0  dw4 ]*dx;
X2= [ 0 0 0 0  
0 0 0 0
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0 0 0 0
0 0 0 0
kwl 0 0 0
0 kw2 0 0
0 0 kw3 0
0 0 0 kw4 ]*x2+[ 0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
dwl 0 0 0
0 dw2 0 0
0 0 dw3 0




z= zeros (4, tf/dt+1);
U (:,1)= UO;
z (:,1)= [ 1 cl c3 
1 cl -c4 
1 -c2 c3
1 -c2 -c4 ]*U(10:12,1)-U(13:16,1); 
dl= 2\(dle+dlc)+2\(dle-dlc)*sign(z (1, 1 ) ) ; 
d2= 2\(d2e+d2c)+2\(d2e-d2c)*sign(z(2,1)); 
d3= 2\(d3e+d3c)+2\(d3e-d3c)*sign(z(3,l)); 
d4= 2\(d4e+d4c)+2\(d4e-d4c)*sign(z(4, 1) ) ;
for n= 2:l:tf/dt+l;
D=[ dh -dh -dh*al -dh*a2 0 0 0 0
-dh dl+d2+d3+d4+dh cl*(dl+d2)-c2*(d3+d4)+dh*al c3*(dl+d3)-c4*(d2+d4)+dh*a2 ...
-dl -d2 -d3 -d4
-dh*al cl*(dl+d2)-c2*(d3+d4)+dh*al cl~2* (dl+d2)+c2~2*(d3+d4)+dh*alA2 ...
dl*cl*c3-d2*cl*c4-d3*c2*c3+d4*c2*c4+dh*al*a2 -dl*cl -d2*cl d3*c2 d4*c2
-dh*a2 c3*(dl+d3)-c4 * (d2+d4)+dh*a2 dl*cl*c3-d2*cl*c4-d3*c2*c3+d4*c2*c4+dh*al*a2 ... 
c3/v2*(dl+d3)+c4/'2* (d2+d4 ) +dh*a2~2 -dl*c3 d2*c4 -d3*c3 d4*c4
0 -dl -dl*cl -dl*c3 dl+dwl 0 0 0
0 -d2 -d2*cl d2*c4 0 d2+dw2 0 0
0 -d3 d3*c2 -d3*c3 0 0 d3+dw3 0
0 -d4 d4*c2 d4*c4 0 0 0 d4+dw4
S= [zeros(8) eye(8);-M\K -M\D];
RK1= S*U(: , n-1) + [0;0;0;0;0;0;0;0;MX(:,n-1)];
RK2= S * (U(: , n-1)+2\dt.*RK1) + [0;0;0;0;0;0;0;0;MXX(:,n-1)];
RK3= S*(U(:,n-1)+2\dt.*RK2) + [0 ; 0 ; 0 ; 0 ; 0 ; 0 ; 0 ; 0 ;MXX(: , n-1) ] ;
RK4= S * (U(: , n-1)+dt.*RK3) + [0;0;0;0;0;0;0;0;MX ( :, n)] ;
RK= 6\(RK1+2*RK2+2*RK3+RK4);
U (:,n)= U(:, n-1)+dt.*RK;
z (:,n)= [ 1 cl c3 
1 cl -c4 
1 -c2 c3
1 -c2 -c4 ]*U(1 0 :1 2,n)-U(13:16,n);
if z (1,n)~= 0;

























Uaveg= 2\(max(U(1: 8,rl: end) ')+min(U(1: 8,rl: end) ') ) ; 
Urela= U(l:8,rl:r2+1)-repmat(Uaveg’,1,r2-rl+2) ;
for p= 1:8;













[umin,ru]= mi n (abs(Urela(:,1 :r2-rl+l) ' ) ) ;
[xmin,rx]= m i n (abs(x(:,rl:r2)'));
if Urela(l,ru(l))*x(l,rl+rx(1)-1)>=0;
phas(3,v)= Bl*(ru(l)-rx(l))*dt*180/pi; 
elseif Urela(1,ru(l))>0 & x (1, rl+rx(1)-1)<0;
phas(3, v)= Bl*((ru(l)-rx(l))*dt-2\dt)*180/pi; 





elseif Urela(2,ru(2))>0 & x (1, rl+rx(1)-1)<0;
phas(4,v)= Bl*((ru(2)-rx(1))*dt-2\dt)*180/pi; 
else Urela(2,r u (2))<0 & x(l,rl+rx(1)-1)>0;




elseif Urela(3,r u (3))>0 & x (1,rl+rx(1)-1)<0;
phas(5,v)= Bl*((ru(3)-rx(1))*dt-2\dt)*180/pi; 
else Urela(3,r u (3))<0 & x (1,rl+rx(1)-1)>0;
phas(5,v)= Bl*((ru(3)-rx(1))*dt+2\dt)*180/pi; 
end;
if Urela(4,r u (4))*x(1,rl+rx(1)-1)>=0;
phas(6,v)= Bl*(ru(4)-rx(1))*dt*180/pi; 
elseif Urela(4,ru(4))>0 & x (1,rl+rx(1)-1)<0;
phas(6,v)= Bl*((ru(4)-rx(1))*dt-2\dt)*180/pi; 
else Urela(4,r u (4))<0 & x(l,rl+rx(l)-l)>0;




elseif Urela(5,ru(5))>0 & x (1,rl+rx(1)-1)<0;
phas(7,v)= Bl*((ru(5)-rx(l))*dt-2\dt)*180/pi; 
else Urela(5,r u (5))<0 & x (1,rl+rx(1)-1)>0;




elseif Urela(6,ru(6))>0 & x (2,rl+rx(2)-1)<0;
phas(8,v)= Bl* ((r u (6)-rx(2 ))*dt-2\dt)*180/pi; 




phas(9,v)= Bl*(r u (7 )-rx(3))*dt*180/pi; 
elseif Urela(7,r u (7))>0 & x ( 3,rl+rx(3)-1)<0;
phas(9,v)= Bl*((ru(7)-rx(3))*dt-2\dt)*180/pi;
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elseif Urela(8,ru(8))>0 & x (4,rl+rx(4)-1)<0;
phas(10,v)= Bl*((ru(8)-rx(4))*dt-2\dt)*180/pi; 





















title('(a) phase lag of wheel 1 disp. from excit. 1 at
J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m1)
xlabel('car velocity (m/s)')
ylabel('phase lag angle (degree)')
axis([0 vmax -20 180])
grid on, box on
subplot(2,1,2)
plot(phas(1,:),phas(8,:))
title('(b) phase lag of wheel 2 disp. from excit. 2 at
J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('car velocity (m/s)1)
ylabel('phase lag angle (degree)')
axis([0 vmax -20 180])





title('(a) phase lag of wheel 3 disp. from excit. 3 at
J12=pi/2rad,L=5m,al=0.3m,a2=0.4m1)
xlabel('car velocity (m/s)')
ylabel('phase lag angle (degree)')
axis([0 vmax -20 180])
grid on, box on
subplot(2,1,2)
plot(phas(1,:),phas(10,:))
title(’(b) phase lag of wheel 4 disp. from excit. 4 at
J12=pi/2rad,L=5m,a1=0.3m,a2=0.4m')
xlabel('car velocity (m/s)')
ylabel('phase lag angle (degree)')
axis([0 vmax -20 180])





title('(a) phase lag of humanbody disp. from excit. 1 a
J12=pi/2rad,L=5m,al=0.3m,a2=0.4m')
xlabel('car velocity (m/s)')
ylabel('phase lag angle (degree)')
axis([0 vmax -180 180])
grid on, box on
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subplot(2,1,2)
plot(phas(1, :),phas(4, : ) )
title ('(b) phase lag of bounce disp. from exert. 1 at J12=pi/2rad, L=5m,al=0.3m,a2=0.4m')
xlabel('car velocity (m/s)1)
ylabel('phase lag angle (degree)')
axis([0 vmax -180 180])





title(’(a) phase lag of pitch disp. from excit. 1 at J12=pr/2rad,L=5m,al=0.3m, a2=0.4m! )
xlabel('car velocity (m/s)')
ylabel('phase lag angle (degree)')
axis([0 vmax -180 180])
grid on, box on
subplot(2,1,2)
plot(phas(1,:),phas(6,:))
title('(b) phase lag of roll drsp. from excit. 1 at J12=pi/2rad,L=5m,al=0.3m, a2=0.4m ' )
xlabel('car velocity (m/s)')
ylabel('phase lag angle (degree)')
axis([0 vmax -180 180])





title('(a) phase lag of wheel 1 disp. from excit. 1')
xlabel('car velocity (m/s)')
ylabel('phase lag angle (degree)')
axis([0 vmax -20 180])
grid on, box on
subplot(2,2,2)
plot(phas(1,:),phas(8,:))
title('(b) phase lag of wheel 2 disp. from excit. 2')
xlabel('car velocity (m/s)')
ylabel('phase lag angle (degree)')
axis([0 vmax -20 180])
grid on, box on
subplot(2,2,3)
plot(phas(1, :),phas(9, : ) )
title]'(c) phase lag of wheel 3 disp. from excit. 3')
xlabel('car velocity (m/s)')
ylabel('phase lag angle (degree)')
axis([0 vmax -20 180])
grid on, box on
subplot(2,2,4)
plot(phas(1,:),phas(10,:))
title('(d) phase lag of wheel 4 disp. from exert. 4')
xlabel ('car velocity (m/s)')
ylabel('phase lag angle (degree)')
axis([0 vmax -20 180])





plot(phas(1, :) , phas(3, : ) )
title('(a) phase lag of humanbody disp. from excit. 1')
xlabel('car velocity (m/s)')
ylabel('phase lag angle (degree)')
axis([0 vmax -180 180])
grid on, box on
subplot(2,2,2)
plot(phas(1,:),phas(4,:))
title('(b) phase lag of bounce disp. from excit. 1')
xlabel('car velocity (m/s)')
ylabel('phase lag angle (degree)')
axis([0 vmax -180 180])
grid on, box on
subplot(2,2,3)
plot(phas(1, :) ,phas(5, : ) )
title(’(c) phase lag of pitch disp. from excit. 1') 
xlabel(’car velocity (m/s)’)
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ylabel ('phase lag angle (degree)’)
axis([0 vmax -180 180])
grid on, box on
subplot(2,2,4)
plot(phas(1,:),phas(6,:))
title('(d) phase lag of roil disp. from excit. 1'
xlabel('car velocity (m/s)')
ylabel(’phase lag angle (degree)')
axis([0 vmax -180 180])





- huac This program is used to calculate the response of human body acceleration 
% vs. human body location in the car under condition 1: v=9,L=5,J12=pi/2.
















































U0= [ 0; 0 ; 0; 0; 0 ; 0; 0 ; 0 ; 0; 0 ; 0 ; 0 ; 0; 0 ; 0 ; 0 ] ;
aal= -c2:0.125 : cl; 
aa2= -c4:0.07:c3;
dt= 0.001; 
i f v== 1; 
tf= 30; 
rl= 24999; 
elseif v=— 2; 
tf= 20; 
rl= 17499; 
elseif v== 3; 
tf= 15; 
rl= 13000; 







% change for other condition 
% change for other condition 

















mh 0 0 0 0 0 0 0
0 ms 0 0 0 0 0 0
0 0 IP 0 0 0 0 0
0 0 0 Ir 0 0 0 0
0 0 0 0 mwl 0 0 0
0 0 0 0 0 mw2 0 0
0 0 0 0 0 0 mw3 0
0 0 0 0 0 0 0 im
t= 0:dt:tf; 
tt= 2\dt:dt:tf-dt/2; 
















0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
kwl 0 0 0
0 kw2 0 0
0 0 kw3 0
0 0 0 kw4 0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
dwl 0 0 0
0 dw2 0 0
0 0 dw3 0
0 0 0 dw4 ] *dx;
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
kwl 0 0 0
0 kw2 0 0
0 0 kw3 0
0 0 0 kw4 ]*xx+[ 0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
dwl 0 0 0
0 dw2 0 0
0 0 dw3 0






for p= 1:21; 
for b= 1:21; 
al= aal(p); 
a2= aa2(b);
K=[ kh -kh -kh*al -kh*a2 0 0 0 0
-kh kl+k2+k3+k4+kh el*(kl+k2)-c2*(k3+k4)+kh*al c3*(kl+k3)-c4*(k2+k4)+kh*a2 ... 
-kl -k2 -k3 -k4
-kh*al el* (kl+k2)-c2* (k3+k4)+kh*al cl/'2* (kl+k2) +c2~2* (k3+k4 ) +kh*al~2 ...
kl*cl*c3-k2*cl*c4-k3*c2*c3+k4*c2*c4+kh*al*a2 -kl*cl -k2*cl k3*c2 k4*c2
-kh*a2 c3*(kl+k3)-c4*(k2+k4)+kh*a2 kl*cl*c3-k2*cl*c4-k3*c2*c3+k4*c2*c4+kh*al*a2
k4+kw4 ];
c3/'2* (kl+k3)í+c4A2*(k2+k4)+kh*a2/'2 -kl*c3 k2 *c4 -k.3*c3 k4*c4
0 -kl -kl*cl -kl*c3 kl+kwl 0 0 0c\]1O -k2*cl k2*c4 0 k2+kw2 0 0
0 -k3 k3*c2 -k3*c3 0 0 k3+kw3 0
O 1 K k4*c2 k4*c4 0 0 0
U= zeros(24,tf/dt+1); 
z= zeros(4,tf/dt+1);
U (1 :16,1)= U0;
z (:,1)= [ 1 el c3 
1 el -c4 
1 -c2 c3
1 -c2 -c4 ]*U(10:12,1)-U(13:16,1); 
dl= 2\(dle+dlc)+2\(dle-dlc)*sign(z (1,1)); 
d2= 2\(d2e+d2c)+2\(d2e-d2c)*sign(z (2,1)) ; 
d3= 2\(d3e+d3c)+2\(d3e-d3c)*sign(z (3,1)); 
d4= 2\(d4e+d4c)+2\(d4e-d4c)*sign(z(4,1)) ;
0 0 0 
c3*(dl+d3)-c4*(d2+d4)+dh*a2
D=[ dh -dh -dh*al -dh*a2 0
-dh dl+d2+d3+d4+dh el*(dl+d2)-c2*(d3+d4)+dh*al 
-di -d2 -d3 -d4
-dh*al Cl*(dl+d2)-e2*(d3+d4)+dh*al cl~2* (dl+d2 )+02^2* (d3+d4 )+dh*al/'2 ...
dl*cl*c3-d2*cl*c4-d3*c2*c3+d4*c2*c4+dh*al*a2 -dl*cl -d2*cl d3*c2 d4*c2
-dh*a2 c3*(dl+d3)-c4*(d2+d4)+dh*a2 dl*cl*c3-d2*cl*c4-d3*c2*c3+d4*c2*c4+dh*al*a2
d4+dw4 ];
c3A2*(dl+d3¡i+c4^2*(d2+d4¡1 +dh*a2/'2 -dl*c3 d2*c4 -d3*c3 d4*c4
0 -di -dl*cl -dl*c3 dl+dwl 0 0 0
0 -d2 -d2*cl d2*c4 0 d2+dw2 0 0
0 -d3 d3*c2 -d3*c3 0 0 d3+dw3 0
0 -d4 d4*c2 d4*c4 0 0 0
U (17:24,1)= [-M\K -M\D]*U(1:16,1)+MX(:, 1) ; 
for n= 2 :1:tf/dt+1;
S= [zeros(8) eye(8);-M\K -M\D];
RK1= S *U(1:16,n-1) + [0;0;0;0;0;0;0;0;M X (:,n-l)];
RK2= S * ( U ( 1 : 16,n-1 ) +2\dt.*RK1 ) +  [ 0 ; 0 ; 0 ; 0 ; 0 ; 0 ; 0 ; 0;MXX ( : ,n-1 ) ] 
RK3= S * (U(l:16,n-1)+2\dt.*RK2)+[0;0;0;0;0;0;0;0;MXX(:,n-1)] 
RK4= S*(U(l:16,n-1)+dt.*RK3) + [0;0;0;0;0; 0; 0; 0;MX(:,n)];
RK= 6\(RK1+2*RK2+2*RK3+RK4);
U (1:16,n)= U (1:16,n-1)+dt.*RK;
z (:,n)= [ 1 el c3 
1 el -c4 
1 -c2 c3





else dl= dle; 
end;
if z(2,n)~= 0;
d2= 2\(d2e+d2c)+2\(d2e-d2c)*sign(z (2,n)); 
elseif z(2,n-l)> 0;
d2= d2e; 
else d2= d2c; 
end;
if z(3,n)~= 0;
d3= 2\(d3e+d3c)+2\(d3e-d3c)*sign(z(3, n) ) ; 
elseif z(3,n-l)> 0; 
d3= d3e;
B-32
else d3= d3c; 
end;
if z(4,n)~= 0;
d4= 2\(d4e+d4c)+2\(d4e-d4c)*sign(z(4,n) ) ; 
elseif z(4,n-l)> 0;
d4= d4e; 
else d4= d4c; 
end;
D=[ dh -dh -dh*al -dh*a2 0 0 0 0
-dh dl+d2+d3+d4+dh cl*(dl+d2)-c2*(d3+d4)+dh*al c3*(dl+d3)-c4*(d2+d4)+dh*a2 ...
-dl -d2 -d3 -d4
-dh*al cl*(dl+d2)-c2*(d3+d4)+dh*al 01^2*(dl+d2)+c2~2*(d3+d4)+dh*al~2 ...
dl*cl*c3-d2*cl*c4-d3*c2*c3+d4*c2*c4+dh*al*a2 -dl*cl -d2*cl d3*c2 d4*c2
-dh*a2 c3*(dl+d3)-c4*(d2+d4)+dh*a2 dl*cl*c3-d2*cl*c4-d3*c2*c3+d4*c2*c4+dh*al*a2 ...
c3~2*(dl+d3)i+c4A2*(d2+d4)i+dh*a2^2 -dl*c3 d2 *c4 -d3*c3 d4*c4
0 -dl -dl*cl -dl*c3 dl+dwl 0 0 0
0 -d2 -d2*cl d2*c4 0 d2+dw2 0 0
0 1 a OJ d3*c2 -d3*c3 0 0 d3+d;^3 0
0 -d4 d4*c2 d4*c4 0 0 0 d4+dw4
U (17 :24,n)= [-M\K -M\D]*U(1:16,n)+MX(:,n); 
end;
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title ( 1 (b) min. humanbody acce. vs. humanbody loca, in car at v=9m/s J12=pi/2rad L=5m'
xlabel('al (m)')






title('max. humanbody acce. vs. humanbody loca, in car at v = 9 m / s ,J12=pi/2rad,L=5m')
xlabel('al (m)')
ylabel('a2 (m) ' )




title ('min. humanbody acce. vs. humanbody loca, in car at v=9m/s, J12=pi/2rad, L=5m')
xlabel Cal (m) 1 )





Result 1 of Program “eigv”
% eigv_l Result 1 of program "eigv": all sets of eigenvalues of 16 linear stages 
% when al=0.3, a2=0.4
dl=dle, d2=d2e, d3=d3e, d4=d4e 
EIG = 1.0e+002 *
Columns 1 through 4
-0.7185 0.7185
-0.2576 + 0.4065Ì 0.4813
-0.2576 - 0.4065Ì 0.4813
-0.2629 + 0.3453Ì 0.4340
-0.2629 - 0.3453Ì 0.4340
-0.3702 + 0.1080Ì 0.3856
-0.3702 - 0.1080Ì 0.3856
-0.0944 + 0.2018Ì 0.2227
-0.0944 - 0.2018Ì 0.2227
-0.0105 + 0 . 1001Ì 0.1006
-0.0105 - 0 . 1001Ì 0.1006
-0.0385 + 0.0898Ì 0.0977
-0.0385 - 0.0898Ì 0.0977
-0.0706 + 0.0998Ì 0.1223
-0.0706 - 0.0998Ì 0.1223
-0.0898 0.0898
Columns 5 through 7





0.0000 + 0.1409Ì 0.0000 + 0.2818Ì









0.0000 + 0.0357Ì 0.0000 + 0.0715Ì





0.0096 0.0000 + 0.3541Ì


























dl=dle, d2=d2e, d3=d3e, d4=d4c 
EIG = 1.0e+002 *






















0.4040 0.0093 0.0000 + 0.3492Ì









0.0918 0.0100 0.0000 + 0.0918Ì
C-2
C o l u m n s  5 t h r o u g h  7
0 . 0 0 0 0  + 0 . 2 8 2 5 Ì  
0 . 1 8 9 0  
0 . 1 8 9 0  
0 . 1 0 8 2  
0 . 1 0 8 2
0 . 0 0 0 0  + 0 . 1 3 9 0 Ì
0 . 0 0 0 0  + 0 . 1 3 9 0 Ì
0 . 0 6 7 2
0 . 0 6 7 2
0 . 0 4 0 2
0 . 0 4 0 2
0 . 0 3 4 3
0 . 0 3 4 3
0 . 0 3 3 5
0 . 0 3 3 5
0 . 0 0 0 0  + 0 . 0 3 6 5 Ì
0 . 0 0 0 0  + 0 . 5 6 5 0 Ì
0 . 3 7 8 0
0 . 3 7 8 0
0 . 2 1 6 4
0 . 2 1 6 4
0 . 0 0 0 0  + 0 . 2 7 7 9 Ì
0 . 0 0 0 0  + 0 . 2 7 7 9 Ì
0 . 1 3 4 5
0 . 1 3 4 5
0 . 0 8 0 4
0 . 0 8 0 4
0 . 0 6 8 7
0 . 0 6 8 7
0 . 0 6 7 0
0 . 0 6 7 0
0 . 0 0 0 0  + 0 . 0 7 3 0 Ì
0 . 0 0 0 0  + 1 . 1 2 9 9 Ì
0 . 7 5 6 0
0 . 7 5 6 0
0 . 4 3 2 9
0 . 4 3 2 9
0 . 0 0 0 0  + 0 . 5 5 5 8 Ì
0 . 0 0 0 0  + 0 . 5 5 5 8 Ì
0 . 2 6 9 0
0 . 2 6 9 0
0 . 1 6 0 9
0 . 1 6 0 9
0 . 1 3 7 3
0 . 1 3 7 3
0 . 1 3 4 1
0 . 1 3 4 1
0 . 0 0 0 0  + 0 . 1 4 6 1 Ì
d l = d l e ,  d 2 = d 2 e ,  d 3 = d 3 c ,  d 4= d4 e  
E I G  =  1 . 0 e + 0 0 2  *
C o l u m n s 1 t h r o u g h  4
- 0 . 7 0 9 8 0 . 7 0 9 8 0 . 0 1 0 0 0 . 0 0 0 0 +
- 0 . 0 8 7 6 + 0 . 4 8 3 0 1 0 . 4 9 0 9 0 . 0 0 1 8 0 . 4 7 5 0
- 0 . 0 8 7 6 - 0 . 4 8 3 0 Ì 0 . 4 9 0 9 0 . 0 0 1 8 0 . 4 7 5 0
- 0 . 2 6 2 5 + 0 . 3 7 8 1 Ì 0 . 4 6 0 3 0 . 0 0 5 7 0 . 2 7 2 1
- 0 . 2 6 2 5 - 0 . 3 7 8 1 Ì 0 . 4 6 0 3 0 . 0 0 5 7 0 . 2 7 2 1
- 0 . 3 7 6 8 + 0 . 1 4 3 2 Ì 0 . 4 0 3 1 0 . 0 0 9 3 0 . 0 0 0 0 +
- 0 . 3 7 6 8 - 0 . 1 4 3 2 Ì 0 . 4 0 3 1 0 . 0 0 9 3 0 . 0 0 0 0 +
- 0 . 0 9 2 0 + 0 . 1 9 3 5 Ì 0 . 2 1 4 2 0 . 0 0 4 3 0 . 1 7 0 2
- 0 . 0 9 2 0 - 0 . 1 9 3 5 1 0 . 2 1 4 2 0 . 0 0 4 3 0 . 1 7 0 2
- 0 . 0 1 1 4 + 0 . 1 0 9 2 Ì 0 . 1 0 9 8 0 . 0 0 1 0 0 . 1 0 8 6
- 0 . 0 1 1 4 - 0 . 1 0 9 2 Ì 0 . 1 0 9 8 0 . 0 0 1 0 0 . 1 0 8 6
- 0 . 0 1 6 2 + 0 . 0 8 5 2 Ì 0 . 0 8 6 7 0 . 0 0 1 9 0 . 0 8 3 7
- 0 . 0 1 6 2 - 0 . 0 8 5 2 Ì 0 . 0 8 6 7 0 . 0 0 1 9 0 . 0 8 3 7
- 0 . 0 9 2 8 0 . 0 9 2 8 0 . 0 1 0 0 0 . 0 0 0 0 +
- 0 . 0 6 3 8 + 0 . 0 9 5 6 Ì 0 . 1 1 4 9 0 . 0 0 5 5 0 . 0 7 1 2
- 0 . 0 6 3 8 - 0 . 0 9 5 6 Ì 0 . 1 1 4 9 0 . 0 0 5 5 0 . 0 7 1 2
C o l u m n s 5 t h r o u g h  7
0 . 0 0 0 0 + 0 . 2 8 2 4 Ì 0 . 0 0 0 0  + 0 . 5 6 4 9 Ì 0 . 0 0 0 0  + 1 . 1 2 9 7 Ì
0 . 1 8 9 0
0 . 1 8 9 0
0 . 1 0 8 3
0 . 1 0 8 3
0 . 0 0 0 0  + 0 . 1 3 8 7 1
0 . 0 0 0 0  + 0 . 1 3 8 7 Ì
0 . 0 6 7 7
0 . 0 6 7 7
0 . 0 4 3 2
0 . 0 4 3 2
0 . 0 3 3 3
0 . 0 3 3 3
0 . 0 0 0 0  + 0 . 0 3 6 9 Ì
0 . 0 2 8 3
0 . 0 2 8 3
0 . 3 7 8 0
0 . 3 7 8 0
0 . 2 1 6 5
0 . 2 1 6 5
0 . 0 0 0 0  + 0 . 2 7 7 4 Ì  
0 . 0 0 0 0  + 0 . 2 7 7 4 Ì  
0 . 1 3 5 5  
0 . 1 3 5 5  
0 . 0 8 6 4  
0 . 0 8 6 4  
0 . 0 6 6 6  
0 . 0 6 6 6  
0.0000 
0 . 0 5 6 7  
0 . 0 5 6 7
+ 0 . 0 7 3 9 1
0 . 7 5 6 0
0 . 7 5 6 0
0 . 4 3 3 0
0 . 4 3 3 0
0 . 0 0 0 0  + 0 . 5 5 4 8 Ì
0 . 0 0 0 0  + 0 . 5 5 4 8 Ì
0 . 2 7 0 9
0 . 2 7 0 9
0 . 1 7 2 8
0 . 1 7 2 8
0 . 1 3 3 1
0 . 1 3 3 1
0 . 0 0 0 0  + 0 . 1 4 7 7 Ì
0 . 1 1 3 3
0 . 1 1 3 3
d l = d l e ,  d 2 = d 2 e ,  d 3 = d 3 c ,  d 4 = d 4 c  
E I G  =  1 . 0 e + 0 0 2  *
C o l u m n s  1  t h r o u g h  4
- 0 . 7 0 1 7  
- 0 . 0 8 5 2  + 
- 0 . 0 8 5 2  -  
- 0 . 0 9 0 0  + 
- 0 . 0 9 0 0  -  
- 0 . 3 8 8 1  + 
- 0 . 3 8 8 1  -  
- 0 . 0 9 0 3  + 
- 0 . 0 9 0 3  -
0 . 4 8 4 5 1  
0 . 4 8 4 5 Ì  
0 . 4 8 1 1 Ì  
0 . 4 8 1 1 Ì  
0 . 1 7 7 4 Ì  
0 . 1 7 7 4 Ì  
0 . 1 8 5 0 1  
0 . 1 8 5 0 Ì
0 . 7 0 1 7 0 . 0 1 0 0 0 . 0 0 0 0  +
0 . 4 9 1 9 0 . 0 0 1 7 0 . 4 7 6 9
0 . 4 9 1 9 0 . 0 0 1 7 0 . 4 7 6 9
0 . 4 8 9 5 0 . 0 0 1 8 0 . 4 7 2 6
0 . 4 8 9 5 0 . 0 0 1 8 0 . 4 7 2 6
0 . 4 2 6 8 0 . 0 0 9 1 0 . 0 0 0 0  +
0 . 4 2 6 8 0 . 0 0 9 1 0 . 0 0 0 0  +
0 . 2 0 5 8 0 . 0 0 4 4 0 . 1 6 1 4
0 . 2 0 5 8 0 . 0 0 4 4 0 . 1 6 1 4
0 . 7 0 9 8 Ì
0 . 3 4 8 6 Ì
0 . 3 4 8 6 Ì
0 . 0 9 2 8 Ì
0 . 7 0 1 7 Ì
0 . 3 4 5 2 Ì
0 . 3 4 5 2 Ì
C-3
- 0 . 0 9 5 0 0 . 0 9 5 0
- 0 . 0 0 8 4 + 0 . 1 0 8 3 1 0 . 1 0 8 6
- 0 . 0 0 8 4 - 0 . 1 0 8 3 Ì 0 . 1 0 8 6
- 0 . 0 1 2 8 + 0 . 0 8 4 2 Ì 0 . 0 8 5 1
- 0 . 0 1 2 8 - 0 . 0 8 4 2 Ì 0 . 0 8 5 1
- 0 . 0 4 1 4 + 0 . 1 0 0 3 Ì 0 . 1 0 8 5
- 0 . 0 4 1 4 - 0 . 1 0 0 3 Ì 0 . 1 0 8 5
C o l u m n s 5 t h r o u g h  7
0 . 0 0 0 0 + 0 . 2 7 9 2 Ì 0 . 0 0 0 0 + 0 . 5 5 8 4 Ì
0 . 1 8 9 8 0 . 3 7 9 5
0 . 1 8 9 8 0 . 3 7 9 5
0 . 1 8 8 1 0 . 3 7 6 1
0 . 1 8 8 1 0 . 3 7 6 1
0 . 0 0 0 0 + 0 . 1 3 7 4 Ì 0 . 0 0 0 0 + 0 . 2 7 4 7 Ì
0 . 0 0 0 0 + 0 . 1 3 7 4 Ì 0 . 0 0 0 0 + 0 . 2 7 4 7 Ì
0 . 0 6 4 2 0 . 1 2 8 4
0 . 0 6 4 2 0 . 1 2 8 4
0 . 0 0 0 0 + 0 . 0 3 7 8 Ì 0 . 0 0 0 0 + 0 . 0 7 5 6 Ì
0 . 0 4 3 0 0 . 0 8 5 9
0 . 0 4 3 0 0 . 0 8 5 9
0 . 0 3 3 1 0 . 0 6 6 2
0 . 0 3 3 1 0 . 0 6 6 2
0 . 0 3 6 3 0 . 0 7 2 7
0 . 0 3 6 3 0 . 0 7 2 7
0 . 0 1 0 0 0 . 0 0 0 0  + 0 . 0 9 5 0 Ì
0 . 0 0 0 8 0 . 1 0 8 0
0 . 0 0 0 8 0 . 1 0 8 0
0 . 0 0 1 5 0 . 0 8 3 2
0 . 0 0 1 5 0 . 0 8 3 2
0 . 0 0 3 8 0 . 0 9 1 3
0 . 0 0 3 8 0 . 0 9 1 3
0 . 0 0 0 0  + 1 . 1 1 6 8 Ì
0 . 7 5 9 1
0 . 7 5 9 1
0 . 7 5 2 2
0 . 7 5 2 2
0 . 0 0 0 0  + 0 . 5 4 9 4 Ì  
0 . 0 0 0 0  + 0 . 5 4 9 4 Ì  
0 . 2 5 6 9  
0 . 2 5 6 9
0 . 0 0 0 0  + 0 . 1 5 1 2 Ì
0 . 1 7 1 8
0 . 1 7 1 8
0 . 1 3 2 4
0 . 1 3 2 4
0 . 1 4 5 3
0 . 1 4 5 3
d l = d l e ,  d 2 = d 2 c ,  d 3 = d 3 e ,  d 4= d4 e
E I G  =
C o l u m n s 1  t h r o u g h 4
- 5 9 . 6 9 8 8 5 9 . 6 9 8 8 1 . 0 0 0 0 0 . 0 0 0 0
- 9 . 3 9 5 3 + 4 8 . 1 2 3 3 1 4 9 . 0 3 1 9 0 . 1 9 1 6 4 7 . 1 9 7 3
- 9 . 3 9 5 3 - 4 8 . 1 2 3 3 Ì 4 9 . 0 3 1 9 0 . 1 9 1 6 4 7 . 1 9 7 3
- 2 5 . 4 9 9 4 + 4 0 . 0 2 4 4 Ì 4 7 . 4 5 7 1 0 . 5 3 7 3 3 0 . 8 5 0 3
- 2 5 . 4 9 9 4 - 4 0 . 0 2 4 4 Ì 4 7 . 4 5 7 1 0 . 5 3 7 3 3 0 . 8 5 0 3
- 2 6 . 0 8 8 9 + 3 4 . 0 7 4 9 Ì 4 2 . 9 1 5 4 0 . 6 0 7 9 2 1 . 9 1 9 5
- 2 6 . 0 8 8 9 - 3 4 . 0 7 4 9 i 4 2 . 9 1 5 4 0 . 6 0 7 9 2 1 . 9 1 9 5
- 1 0 . 2 1 9 8 + 1 6 . 1 6 2 3 1 1 9 . 1 2 2 3 0 . 5 3 4 4 1 2 . 5 2 1 0
- 1 0 . 2 1 9 8 - 1 6 . 1 6 2 3 1 1 9 . 1 2 2 3 0 . 5 3 4 4 1 2 . 5 2 1 0
- 1 4 . 1 0 0 0 1 4 . 1 0 0 0 1 . 0 0 0 0 0 . 0 0 0 0
- 1 . 0 5 5 7 + 1 0 . 1 5 8 9 Ì 1 0 . 2 1 3 6 0 . 1 0 3 4 1 0 . 1 0 3 9
- 1 . 0 5 5 7 - 1 0 . 1 5 8 9 Ì 1 0 . 2 1 3 6 0 . 1 0 3 4 1 0 . 1 0 3 9
- 2 . 2 3 7 2 + 8 . 6 9 1 1 Ì 8 . 9 7 4 4 0 . 2 4 9 3 8 . 3 9 8 2
- 2 . 2 3 7 2 -  8 . 6 9 1 1 Ì 8 . 9 7 4 4 0 . 2 4 9 3 8 . 3 9 8 2
- 4 . 2 9 6 6 + 9 . 8 9 7 6 Ì 1 0 . 7 9 0 0 0 . 3 9 8 2 8 . 9 1 6 4
- 4 . 2 9 6 6 -  9 . 8 9 7 6 Ì 1 0 . 7 9 0 0 0 . 3 9 8 2 8 . 9 1 6 4
C o l u m n s 5 t h r o u g h 7
0 . 0 0 0 0 + 2 3 . 7 5 3 4 Ì 0 . 0 0 0 0  + 4 7 . 5 0 6 8 Ì 0 . 0 0 0 0  + 9 5 . 0 1 3 5 Ì
1 8 . 7 7 9 2
1 8 . 7 7 9 2
1 2 . 2 7 4 9
1 2 . 2 7 4 9
8 . 7 2 1 5
8 . 7 2 1 5
4 . 9 8 2 0
4 . 9 8 2 0
0 . 0 0 0 0  + 5 . 6 1 0 2 Ì
4 . 0 2 0 2
4 . 0 2 0 2
3 . 3 4 1 5
3 . 3 4 1 5
3 . 5 4 7 7
3 . 5 4 7 7
3 7 . 5 5 8 4
3 7 . 5 5 8 4
2 4 . 5 4 9 9
2 4 . 5 4 9 9
1 7 . 4 4 3 0
1 7 . 4 4 3 0
9 . 9 6 3 9
9 . 9 6 3 9
0 . 0 0 0 0  + 1 1 . 2 2 0 5 1
8 . 0 4 0 4
8 . 0 4 0 4
6 . 6 8 3 1
6 . 6 8 3 1
7 . 0 9 5 4
7 . 0 9 5 4
7 5 . 1 1 6 8
7 5 . 1 1 6 8
4 9 . 0 9 9 7
4 9 . 0 9 9 7
3 4 . 8 8 5 9
3 4 . 8 8 5 9
1 9 . 9 2 7 8
1 9 . 9 2 7 8
0 . 0 0 0 0  + 2 2 . 4 4 0 9 Ì
1 6 . 0 8 0 9
1 6 . 0 8 0 9
1 3 . 3 6 6 1
1 3 . 3 6 6 1
1 4 . 1 9 0 8
1 4 . 1 9 0 8
d l = d l e ,  d 2 = d 2 c ,  d 3 = d 3 e ,  d 4 = d 4 c
E I G  =
C o l u m n s  1  t h r o u g h  4
- 5 6 . 0 1 8 1  5 6 . 0 1 8 1  1 . 0 0 0 0  0 . 0 0 0 0  + 5 6 . 0 1 8 H
- 2 5 . 6 8 1 7  + 3 6 . 7 3 1 3 1  4 4 . 8 1 8 9  0 . 5 7 3 0  2 6 . 2 6 0 9
C -4
- 2 5 . 6 8 1 7 - 3 6 . 7 3 1 3 i 4 4 . 8 1 8 9 0 . 5 7 3 0 2 6 . 2 6 0 9
- 9 . 3 9 4 5 + 4 8 . 1 1 3 H 4 9 . 0 2 1 7 0 . 1 9 1 6 4 7 . 1 8 7 0
- 9 . 3 9 4 5 - 4 8 . 1 1 3 1 1 4 9 . 0 2 1 7 0 . 1 9 1 6 4 7 . 1 8 7 0
- 8 . 7 5 4 8 + 4 8 . 3 0 9 0 i 4 9 . 0 9 5 9 0 . 1 7 8 3 4 7 . 5 0 9 1
- 8 . 7 5 4 8 - 4 8 . 3 0 9 0 i 4 9 . 0 9 5 9 0 . 1 7 8 3 4 7 . 5 0 9 1
- 2 0 . 3 6 8 1 2 0 . 3 6 8 1 1 . 0 0 0 0 0 . 0 0 0 0
- 7 . 4 7 6 2 + 1 3 . 8 0 3 2 i 1 5 . 6 9 7 8 0 . 4 7 6 3 1 1 . 6 0 3 2
- 7 . 4 7 6 2 - 1 3 . 8 0 3 2 i 1 5 . 6 9 7 8 0 . 4 7 6 3 1 1 . 6 0 3 2
- 0 . 8 3 6 6 + 1 0 . 1 8 8 9 i 1 0 . 2 2 3 2 0 . 0 8 1 8 1 0 . 1 5 4 5
- 0 . 8 3 6 6 - 1 0 . 1 8 8 9 i 1 0 . 2 2 3 2 0 . 0 8 1 8 1 0 . 1 5 4 5
- 1 . 2 8 4 4 + 8 . 4 4 1 4 i 8 . 5 3 8 6 0 . 1 5 0 4 8 . 3 4 3 2
- 1 . 2 8 4 4 -  8 . 4 4 1 4 i 8 . 5 3 8 6 0 . 1 5 0 4 8 . 3 4 3 2
- 4 . 3 6 5 7 + 1 0 . 0 6 8 7 i 1 0 . 9 7 4 5 0 . 3 9 7 8 9 . 0 7 3 1
- 4 . 3 6 5 7 - 1 0 . 0 6 8 7 i 1 0 . 9 7 4 5 0 . 3 9 7 8 9 . 0 7 3 1
C o l u m n s 5 t h r o u g h 7
0 . 0 0 0 0 + 2 2 . 2 8 8  9 i 0 . 0 0 0 0 + 4 4 . 5 7 7 8 i 0 . 0 0 0 0 + 8 9 . 1 5 5 6 i
1 0 . 4 4 8 9 2 0 . 8 9 7 7 4 1 . 7 9 5 5
1 0 . 4 4 8 9 2 0 . 8 9 7 7 4 1 . 7 9 5 5
1 8 . 7 7 5 1 3 7 . 5 5 0 2 7 5 . 1 0 0 4
1 8 . 7 7 5 1 3 7 . 5 5 0 2 7 5 . 1 0 0 4
1 8 . 9 0 3 3 3 7 . 8 0 6 5 7 5 . 6 1 3 0
1 8 . 9 0 3 3 3 7 . 8 0 6 5 7 5 . 6 1 3 0
0 . 0 0 0 0 + 8 . 1 0 4 2 i 0 . 0 0 0 0 + 1 6 . 2 0 8 4 i 0 . 0 0 0 0 + 3 2 . 4 1 6 8 i
4 . 6 1 6 8 9 . 2 3 3 5 1 8 . 4 6 7 0
4 . 6 1 6 8 9 . 2 3 3 5 1 8 . 4 6 7 0
4 . 0 4 0 4 8 . 0 8 0 7 1 6 . 1 6 1 4
4 . 0 4 0 4 8 . 0 8 0 7 1 6 . 1 6 1 4
3 . 3 1 9 6 6 . 6 3 9 3 1 3 . 2 7 8 6
3 . 3 1 9 6 6 . 6 3 9 3 1 3 . 2 7 8 6
3 . 6 1 0 1 7 . 2 2 0 1 1 4 . 4 4 0 2
3 . 6 1 0 1 7 . 2 2 0 1 1 4 . 4 4 0 2
d l = d l e ,  d 2 = d 2 c ,  d 3 = d 3 c ,  d 4= d4 e  
E I G  =
C o l u m n s  1  t h r o u g h  4
- 5 9 . 6 9 2 3 5 9 . 6 9 2 3 1 . 0 0 0 0 0 . 0 0 0 0
- 2 6 . 1 6 5 5 + 3 7 . 7 7 5 1 1 4 5 . 9 5 2 0 0 . 5 6 9 4 2 7 . 2 4 5 6
- 2 6 . 1 6 5 5 - 3 7 , 7 7 5 1 i 4 5 . 9 5 2 0 0 . 5 6 9 4 2 7 . 2 4 5 6
- 8 . 6 4 7 4 + 4 8 . 4 1 2 2 i 4 9 . 1 7 8 4 0 . 1 7 5 8 4 7 . 6 3 3 6
- 8 . 6 4 7 4 - 4 8 . 4 1 2 2 i 4 9 . 1 7 8 4 0 . 1 7 5 8 4 7 . 6 3 3 6
- 9 . 5 1 5 2 + 4 7 . 9 4 5 0 i 4 8 . 8 8 0 0 0 . 1 9 4 7 4 6 . 9 9 1 3
- 9 . 5 1 5 2 - 4 7 . 9 4 5 0 i 4 8 . 8 8 0 0 0 . 1 9 4 7 4 6 . 9 9 1 3
- 1 0 . 0 1 1 9 + 1 5 . 9 4 6 2 i 1 8 . 8 2 8 7 0 . 5 3 1 7 1 2 . 4 1 1 4
- 1 0 . 0 1 1 9 - 1 5 . 9 4  6 2 i 1 8 . 8 2 8 7 0 . 5 3 1 7 1 2 . 4 1 1 4
- 1 4 . 1 0 6 6 1 4 . 1 0 6 6 1 . 0 0 0 0 0 . 0 0 0 0
- 1 . 1 0 4 4 + 1 0 . 9 4 5 6 i 1 1 . 0 0 1 2 0 . 1 0 0 4 1 0 . 8 8 9 7
- 1 . 1 0 4 4 - 1 0 . 9 4 5 6 i 1 1 . 0 0 1 2 0 . 1 0 0 4 1 0 . 8 8 9 7
- 1 . 7 4 1 0 + 9 . 5 9 6 5 i 9 . 7 5 3 2 0 . 1 7 8 5 9 . 4 3 7 3
- 1 . 7 4 1 0 -  9 . 5 9 6 5 1 9 . 7 5 3 2 0 . 1 7 8 5 9 . 4 3 7 3
- 1 . 9 0 2 4 + 8 . 2 4 4 8 i 8 . 4 6 1 5 0 . 2 2 4 8 8 . 0 2 2 4
- 1 . 9 0 2 4 -  8 . 2 4 4 8 i 8 . 4 6 1 5 0 . 2 2 4 8 8 . 0 2 2 4
C o l u m n s 5 t h r o u g h 7
0 . 0 0 0 0 + 2 3 . 7 5 0 8 i 0 . 0 0 0 0 + 4 7 . 5 0 1 6 1 0 . 0 0 0 0 + 9 5 . 0 0 3 3 i
1 0 . 8 4 0 7 2 1 . 6 8 1 4 4 3 . 3 6 2 7
1 0 . 8 4 0 7 2 1 . 6 8 1 4 4 3 . 3 6 2 7
1 8 . 9 5 2 8 3 7 . 9 0 5 6 7 5 . 8 1 1 3
1 8 . 9 5 2 8 3 7 . 9 0 5 6 7 5 . 8 1 1 3
1 8 . 6 9 7 2 3 7 . 3 9 4 5 7 4 . 7 8 9 0
1 8 . 6 9 7 2 3 7 . 3 9 4 5 7 4 . 7 8 9 0
4 . 9 3 8 3 9 . 8 7 6 6 1 9 . 7 5 3 3
4 . 9 3 8 3 9 . 8 7 6 6 1 9 . 7 5 3 3
0 . 0 0 0 0 + 5 . 6 1 2 8 i 0 . 0 0 0 0 + 1 1 . 2 2 5 7 1 0 . 0 0 0 0 + 2 2 . 4 5 1 3 i
4 . 3 3 2 9 8 . 6 6 5 8 1 7 . 3 3 1 5
4 . 3 3 2 9 8 . 6 6 5 8 1 7 . 3 3 1 5
3 . 7 5 5 0 7 . 5 1 0 0 1 5 . 0 1 9 9
3 . 7 5 5 0 7 . 5 1 0 0 1 5 . 0 1 9 9
3 . 1 9 2 0 6 . 3 8 4 0 1 2 . 7 6 8 0
3 . 1 9 2 0 6 . 3 8 4 0 1 2 . 7 6 8 0
d l = d l e ,  d 2 = d 2 c d 3 = d 3 c ,  d 4 = d 4 c
C-5
E I G  =
C o l u m n s 1  t h r o u g h 4
- 5 5 . 9 8 3 6 5 5 . 9 8 3 6 1 . 0 0 0 0 0 . 0 0 0 0
- 8 . 4 6 4 1 + 4 8 . 5 0 5 4 i 4 9 . 2 3 8 3 0 . 1 7 1 9 4 7 . 7 6 1 2
- 8 . 4 6 4 1 - 4 8 . 5 0 5 4 i 4 9 . 2 3 8 3 0 . 1 7 1 9 4 7 . 7 6 1 2
- 8 . 9 4 7 2 + 4 8 . 1 7 7 0 i 4 9 . 0 0 0 8 0 . 1 8 2 6 4 7 . 3 3 8 9
- 8 . 9 4 7 2 - 4 8 . 1 7 7 0 i 4 9 . 0 0 0 8 0 . 1 8 2 6 4 7 . 3 3 8 9
- 9 . 5 1 6 0 + 4 7 . 9 3 5 7 i 4 8 . 8 7 1 2 0 . 1 9 4 7 4 6 . 9 8 1 7
- 9 . 5 1 6 0 - 4 7 . 9 3 5 7 i 4 8 . 8 7 1 2 0 . 1 9 4 7 4 6 . 9 8 1 7
- 2 0 . 5 2 5 6 2 0 . 5 2 5 6 1 . 0 0 0 0 0 . 0 0 0 0
- 7 . 5 2 8 0 + 1 3 . 6 8 3 4 i 1 5 . 6 1 7 5 0 . 4 8 2 0 1 1 . 4 2 6 4
- 7 . 5 2 8 0 - 1 3 . 6 8 3 4 i 1 5 . 6 1 7 5 0 . 4 8 2 0 1 1 . 4 2 6 4
- 0 . 9 0 0 6 + 1 0 . 9 2 1 0 i 1 0 . 9 5 8 1 0 . 0 8 2 2 1 0 . 8 8 3 8
- 0 . 9 0 0 6 - 1 0 . 9 2 1 0 i 1 0 . 9 5 8 1 0 . 0 8 2 2 1 0 . 8 8 3 8
- 1 . 1 8 4 8 + 8 . 1 6 4 9 1 8 . 2 5 0 4 0 . 1 4 3 6 8 . 0 7 8 5
- 1 . 1 8 4 8 -  8 . 1 6 4 9 i 8 . 2 5 0 4 0 . 1 4 3 6 8 . 0 7 8 5
- 1 . 4 8 6 7 + 9 . 5 9 4 4 i 9 . 7 0 8 9 0 . 1 5 3 1 9 . 4 7 8 5
- 1 . 4 8 6 7 -  9 . 5 9 4 4 i 9 . 7 0 8 9 0 . 1 5 3 1 9 . 4 7 8 5
C o l u m n s 5 t h r o u g h 7
0 . 0 0 0 0 + 2 2 . 2 7 5 2 i 0 . 0 0 0 0 + 4 4 . 5 5 0 4 i 0 . 0 0 0 0 + 8 9 . 1 0 0 7 i
1 9 . 0 0 3 6 3 8 . 0 0 7 2 7 6 . 0 1 4 3
1 9 . 0 0 3 6 3 8 . 0 0 7 2 7 6 . 0 1 4 3
1 8 . 8 3 5 5 3 7 . 6 7 1 1 7 5 . 3 4 2 2
1 8 . 8 3 5 5 3 7 . 6 7 1 1 7 5 . 3 4 2 2
1 8 . 6 9 3 4 3 7 . 3 8 6 9 7 4 . 7 7 3 7
1 8 . 6 9 3 4 3 7 . 3 8 6 9 7 4 . 7 7 3 7
0 . 0 0 0 0 + 8 . 1 6 6 9 i 0 . 0 0 0 0 + 1 6 . 3 3 3 7 i 0 . 0 0 0 0 + 3 2 . 6 6 7 5 i
4 . 5 4 6 4 9 . 0 9 2 9 1 8 . 1 8 5 7
4 . 5 4 6 4 9 . 0 9 2 9 1 8 . 1 8 5 7
4 . 3 3 0 5 8 . 6 6 1 1 1 7 . 3 2 2 2
4 . 3 3 0 5 8 . 6 6 1 1 1 7 . 3 2 2 2
3 . 2 1 4 3 6 . 4 2 8 7 1 2 . 8 5 7 3
3 . 2 1 4 3 6 . 4 2 8 7 1 2 . 8 5 7 3
3 . 7 7 1 4 7 . 5 4 2 8 1 5 . 0 8 5 5
3 . 7 7 1 4 7 . 5 4 2 8 1 5 . 0 8 5 5
d l = d l c ,  d 2 = d 2 e ,  d 3 = d 3 e ,  d 4= d 4 e
E I G  =
C o l u m n s  1  t h r o u g h  4
- 5 9 . 8 0 5 2
- 9 . 3 9 8 4
- 9 . 3 9 8 4
- 2 5 . 5 0 7 0
- 2 5 . 5 0 7 0
- 2 6 . 0 8 2 3
- 2 6 . 0 8 2 3
- 1 0 . 6 3 8 1
- 1 0 . 6 3 8 1
- 1 . 1 0 0 5
- 1 . 1 0 0 5
- 1 . 3 2 8 6
- 1 . 3 2 8 6
- 5 . 0 8 8 8
- 5 . 0 8 8 8
- 1 3 . 2 9 2 0
+48  
- 4 8  
+40  
- 4 0  
+ 3 4  
- 3 4  
+ 1 6  




-  8 
+ 9 
-  9
. 1 2 2  6 i  
. 1 2 2  6 i  
. 0 1 9 1 i  
. 0 1 9 1 i  
. 0 8 4 6 i  
. 0 8 4 6 i  
. 1 5 5 7 i  
. 1 5 5 7 i  
. 4 1 4 9 i  
. 4 1 4 9 i  
. 0 2 1 6 i  
. 0 2 1 6 1  
, 5 1 3 6 i  
. 5 1 3 6 i
C o l u m n s  5 t h r o u g h  7
0 . 0 0 0 0  + 2 3 . 7  9 5 7 i
1 8 . 7 7 8 7
1 8 . 7 7 8 7
1 2 . 2 6 9 7
1 2 . 2 6 9 7
8 . 7 3 0 6
8 . 7 3 0 6
4 . 8 3 7 9
4 . 8 3 7 9
4 . 5 2 0 7
4 . 5 2 0 7
5 9 . 8 0 5 2 1 . 0 0 0 0 0 . 0 0 0 0  + 5 9 . 8 0 5 2 i
4 9 . 0 3 1 8 0 . 1 9 1 7 4 7 . 1 9 5 9
4 9 . 0 3 1 8 0 . 1 9 1 7 4 7 . 1 9 5 9
4 7 . 4 5 6 7 0 . 5 3 7 5 3 0 . 8 3 7 0
4 7 . 4 5 6 7 0 . 5 3 7 5 3 0 . 8 3 7 0
4 2 . 9 1 9 0 0 . 6 0 7 7 2 1 . 9 4 2 5
4 2 . 9 1 9 0 0 . 6 0 7 7 2 1 . 9 4 2 5
1 9 . 3 4 3 7 0 . 5 5 0 0 1 2 . 1 5 8 9
1 9 . 3 4 3 7 0 . 5 5 0 0 1 2 . 1 5 8 9
1 1 . 4 6 7 8 0 . 0 9 6 0 1 1 . 3 6 1 7
1 1 . 4 6 7 8 0 . 0 9 6 0 1 1 . 3 6 1 7
8 . 1 3 0 8 0 . 1 6 3 4 7 . 9 1 0 8
8 . 1 3 0 8 0 . 1 6 3 4 7 . 9 1 0 8
1 0 . 7 8 9 1 0 . 4 7 1 7 8 . 0 3 8 2
1 0 . 7 8 9 1 0 . 4 7 1 7 8 . 0 3 8 2
1 3 . 2 9 2 0 1 . 0 0 0 0 0 . 0 0 0 0  + 1 3 . 2  9 2 0 i
0 . 0 0 0 0  + 4 7 . 5 9 1 5 i 0 . 0 0 0 0  + 9 5 . 1 8 2 9 i
3 7 . 5 5 7 3 7 5 . 1 1 4 7
3 7 . 5 5 7 3 7 5 . 1 1 4 7
2 4 . 5 3 9 3 4 9 . 0 7 8 7
2 4 . 5 3 9 3 4 9 . 0 7 8 7
1 7 . 4 6 1 3 3 4 . 9 2 2 6
1 7 . 4 6 1 3 3 4 . 9 2 2 6
9 . 6 7 5 7 1 9 . 3 5 1 4
9 . 6 7 5 7 1 9 . 3 5 1 4
9 . 0 4 1 4 1 8 . 0 8 2 8
9 . 0 4 1 4 1 8 . 0 8 2 8
C -6
3 . 1 4 7 6
3 . 1 4 7 6
3 . 1 9 8 3
3 . 1 9 8 3
0 . 0 0 0 0  + 5 . 2 8 8 7 i
6 . 2 9 5 2
6 . 2 9 5 2
6 . 3 9 6 6
6 . 3 9 6 6
0 . 0 0 0 0  + 1 0 . 5 7 7 4 i
1 2 . 5 9 0 4
1 2 . 5 9 0 4
1 2 . 7 9 3 2
1 2 . 7 9 3 2
0 . 0 0 0 0  + 2 1 . 1 5 4 9 i
d l = d l c ,  d 2 = d 2 e ,  d 3 = d 3 e ,  d 4 = d 4 c  
E I G  =
C o l u m n s  1  t h r o u g h  4
- 5 9 . 7 9 9 8 5 9 . 7 9 9 8 1 . 0 0 0 0 0 . 0 0 0 0 + 5 9 . 7 9 9 8 i
- 2 6 . 1 8 0 6 + 3 7 . 1 1 2 4 1 4 5 . 9 5 8 5 0 . 5 6 9 7  . 2 7 . 2 2 7 3
- 2 6 . 1 8 0 6 - 3 7 . 7 7 2 4 i 4 5 . 9 5 8 5 0 . 5 6 9 7 2 7 . 2 2 7 3
- 9 . 5 1 8 5 + 4 7 . 9 4 4 2 i 4 8 . 8 7 9 9 0 . 1 9 4 7 4 6 . 9 8 9 8
- 9 . 5 1 8 5 - 4 7 . 9 4 4 2 i 4 8 . 8 7 9 9 0 . 1 9 4 7 4 6 . 9 8 9 8
- 8 . 6 4 6 3 + 4 8 . 4 1 2 2 i 4 9 . 1 7 8 3 0 . 1 7 5 8 4 7 . 6 3 3 9
- 8 . 6 4 6 3 - 4 8 . 4 1 2 2 i 4 9 . 1 7 8 3 0 . 1 7 5 8 4 7 . 6 3 3 9
- 1 0 . 5 3 1 9 + 1 5 . 8 8 4 5 i 1 9 . 0 5 8 8 0 . 5 5 2 6 1 1 . 8 9 1 0
- 1 0 . 5 3 1 9 - 1 5 . 8 8 4 5 i 1 9 . 0 5 8 8 0 . 5 5 2 6 1 1 . 8 9 1 0
- 1 . 0 7 1 1 + 1 1 . 4 8 6 8 i 1 1 . 5 3 6 6 0 . 0 9 2 8 1 1 . 4 3 6 8
- 1 . 0 7 1 1 - 1 1 . 4 8 6 8 i 1 1 . 5 3 6 6 0 . 0 9 2 8 1 1 . 4 3 6 8
- 2 . 0 3 6 9 + 9 . 6 0 3 3 i 9 . 8 1 6 9 0 . 2 0 7 5 9 . 3 8 4 8
- 2 . 0 3 6 9 -  9 . 6 0 3 3 i 9 . 8 1 6 9 0 . 2 0 7 5 9 . 3 8 4 8
- 1 . 4 5 4 8 + 8 . 0 1 8 6 i 8 . 1 4 9 5 0 . 1 7 8 5 7 . 8 8 5 5
- 1 . 4 5 4 8 -  8 . 0 1 8 6 i 8 . 1 4 9 5 0 . 1 7 8 5 7 . 8 8 5 5
- 1 3 . 2 9 4 2 1 3 . 2 9 4 2 1 . 0 0 0 0 0 . 0 0 0 0 + 1 3 . 2 9 4 2 i
C o l u m n s 5 t h r o u g h 7
0 . 0 0 0 0 + 2 3 . 7 9 3 6 i 0 . 0 0 0 0  + 4 7 . 5 8 7 2 i 0 . 0 0 0 0  + 9 5 . 1 7 4 4 i
1 0 . 8 3 3 4 2 1 . 6 6 6 8 4 3 . 3 3 3 6
1 0 . 8 3 3 4 2 1 . 6 6 6 8 4 3 . 3 3 3 6
1 8 . 6 9 6 7 3 7 . 3 9 3 3 7 4 . 7 8 6 6
1 8 . 6 9 6 7 3 7 . 3 9 3 3 7 4 . 7 8 6 6
1 8 . 9 5 2 9 3 7 . 9 0 5 8 7 5 . 8 1 1 7
1 8 . 9 5 2 9 3 7 . 9 0 5 8 7 5 . 8 1 1 7
4 . 7 3 1 3 9 . 4 6 2 6 1 8 . 9 2 5 2
4 . 7 3 1 3 9 . 4 6 2 6 1 8 . 9 2 5 2
4 . 5 5 0 5 9 . 1 0 1 1 1 8 . 2 0 2 2
4 . 5 5 0 5 9 . 1 0 1 1 1 8 . 2 0 2 2
3 . 7 3 4 1 7 . 4 6 8 2 1 4 . 9 3 6 3
3 . 7 3 4 1 7 . 4 6 8 2 1 4 . 9 3 6 3
3 . 1 3 7 5 6 . 2 7 5 1 1 2 . 5 5 0 2
3 . 1 3 7 5 6 . 2 7 5 1 1 2 . 5 5 0 2
0 . 0 0 0 0 + 5 . 2 8 9 6 i  0 . 0 0 0 0  + 1 0 . 5 7 9 2 i 0 . 0 0 0 0
= d l c ,  d2 = d 2 e ,  d 3 = d 3 c ,  d 4 = d4 e
E I G  =
- 5 6 . 1 6 2 0
- 9 . 3 9 8 0
- 9 . 3 9 8 0
- 8 . 7 5 5 6
- 8 . 7 5 5 6
- 2 5 . 6 7 0 6
- 2 5 . 6 7 0 6
- 1 9 . 3 1 9 1
- 7 . 8 6 2 3
- 7 . 8 6 2 3
- 0 . 5 8 6 9
- 0 . 5 8 6 9
- 0 . 7 6 1 2
- 0 . 7 6 1 2
- 5 . 2 1 1 9
- 5 . 2 1 1 9
1 8 . 7 7 4 4
1 8 . 7 7 4 4  
1 8 . 9 0 3 2
1  t h r o u g h 4
5 6 . 1 6 2 0 1 . 0 0 0 0 0 . 0 0 0 0
+ 4 8 . 1 1 1 9 i 4 9 . 0 2 1 2 0 . 1 9 1 7 4 7 . 1 8 5 1
- 4 8 . 1 1 1 9 i 4 9 . 0 2 1 2 0 . 1 9 1 7 4 7 . 1 8 5 1
+ 4 8 . 3 0 9 0 1 4 9 . 0 9 6 0 0 . 1 7 8 3 4 7 . 5 0 8 9
- 4 8 . 3 0 9 0 i 4 9 . 0 9 6 0 0 . 1 7 8 3 4 7 . 5 0 8 9
+ 3 6 . 7 3 3 3 i 4 4 . 8 1 4 2 0 . 5 7 2 8 2 6 . 2 7 4 5
- 3 6 . 7 3 3 3 i 4 4 . 8 1 4 2 0 . 5 7 2 8 2 6 . 2 7 4 5
1 9 . 3 1 9 1 1 . 0 0 0 0 0 . 0 0 0 0
+ 1 3 . 2 4 6 9 i 1 5 . 4 0 4 4 0 . 5 1 0 4 1 0 . 6 6 1 3
- 1 3 . 2 4 6 9 i 1 5 . 4 0 4 4 0 . 5 1 0 4 1 0 . 6 6 1 3
+ 1 1 . 4 1 3 2 i 1 1 . 4 2 8 3 0 . 0 5 1 4 1 1 . 3 9 8 1
- 1 1 . 4 1 3 2 i 1 1 . 4 2 8 3 0 . 0 5 1 4 1 1 . 3 9 8 1
+ 7 . 6 8  6 5 i 7 . 7 2 4 1 0 . 0 9 8 6 7 . 6 4 8 7
-  7 . 6 8 6 5 i 7 . 7 2 4 1 0 . 0 9 8 6 7 . 6 4 8 7
+ 1 0 . 0 7 3 7 i 1 1 . 3 4 2 1 0 . 4 5 9 5 8 . 6 2 0 6
- 1 0 . 0 7 3 7 i 1 1 . 3 4 2 1 0 . 4 5 9 5 8 . 6 2 0 6
5 t h r o u g h 7
+ 2 2 . 3 4 6 2 i 0 . 0 0 0 0  + 4 4 . 6 9 2 3 i 0 . 0 0 0 0  + 8 9 . 3 8 4 6 i
3 7 . 5 4 8 7 7 5 . 0 9 7 4
3 7 . 5 4 8 7 7 5 . 0 9 7 4
3 7 . 8 0 6 4 7 5 . 6 1 2 8
C -7
1 8 . 9 0 3 2 3 7 . 8 0 6 4 7 5 . 6 1 2 8
1 0 . 4 5 4 3 2 0 . 9 0 8 6 4 1 . 8 1 7 2
1 0 . 4 5 4 3 2 0 . 9 0 8 6 4 1 . 8 1 7 2
0 . 0 0 0 0  + 7 . 6 8 6 8 Ì 0 . 0 0 0 0  + 1 5 . 3 7 3 6 Ì 0 . 0 0 0 0
4 . 2 4 2 0 8 . 4 8 4 0 1 6 . 9 6 8 1
4 . 2 4 2 0 8 . 4 8 4 0 1 6 . 9 6 8 1
4 . 5 3 5 2 9 . 0 7 0 3 1 8 . 1 4 0 7
4 . 5 3 5 2 9 . 0 7 0 3 1 8 . 1 4 0 7
3 . 0 4 3 3 6 . 0 8 6 7 1 2 . 1 7 3 3
3 . 0 4 3 3 6 . 0 8 6 7 1 2 . 1 7 3 3
3 . 4 3 0 0 6 . 8 6 0 1 1 3 . 7 2 0 2
3 . 4 3 0 0 6 . 8 6 0 1 1 3 . 7 2 0 2
d l = d l c ,  d 2 = d 2 e ,  d 3 = d 3 c ,  d 4 = d 4 c  
E I G  =
C o l u m n s 1  t h r o u g h 4
- 5 6 . 1 2 4 9 5 6 . 1 2 4 9 1 . 0 0 0 0 0 . 0 0 0 0
- 9 . 5 1 9 0 + 4 7 . 9 3 5 4 Ì 4 8 . 8 7 1 4 0 . 1 9 4 8 4 6 . 9 8 0 8
- 9 . 5 1 9 0 - 4 7 . 9 3 5 4 Ì 4 8 . 8 7 1 4 0 . 1 9 4 8 4 6 . 9 8 0 8
- 8 . 9 4 8 4 + 4 8 . 1 7 6 1 Ì 4 9 . 0 0 0 1 0 . 1 8 2 6 4 7 . 3 3 7 7
- 8 . 9 4 8 4 - 4 8 . 1 7 6 1 Ì 4 9 . 0 0 0 1 0 . 1 8 2 6 4 7 . 3 3 7 7
- 8 . 4 6 3 2 + 4 8 . 5 0 5 6 Ì 4 9 . 2 3 8 4 0 . 1 7 1 9 4 7 . 7 6 1 6
- 8 . 4 6 3 2 - 4 8 . 5 0 5 6 Ì 4 9 . 2 3 8 4 0 . 1 7 1 9 4 7 . 7 6 1 6
- 1 9 . 5 7 1 3 1 9 . 5 7 1 3 1 . 0 0 0 0 0 . 0 0 0 0
- 8 . 1 2 6 3 + 1 3 . 1 4 4 9 1 1 5 . 4 5 4 0 0 . 5 2 5 8 1 0 . 3 3 2 1
- 8 . 1 2 6 3 - 1 3 . 1 4 4 9 Ì 1 5 . 4 5 4 0 0 . 5 2 5 8 1 0 . 3 3 2 1
- 0 . 7 6 3 8 + 7 . 6 6 2 8 Ì 7 . 7 0 0 8 0 . 0 9 9 2 7 . 6 2 4 6
- 0 . 7 6 3 8 -  7 . 6 6 2 8 Ì 7 . 7 0 0 8 0 . 0 9 9 2 7 . 6 2 4 6
- 0 . 6 2 8 1 + 1 1 . 4 0 4 H 1 1 . 4 2 1 4 0 . 0 5 5 0 1 1 . 3 8 6 8
- 0 . 6 2 8 1 - 1 1 . 4 0 4 1 Í 1 1 . 4 2 1 4 0 . 0 5 5 0 1 1 . 3 8 6 8
- 1 . 9 8 5 0 + 1 0 . 1 2 2 8 Ì 1 0 . 3 1 5 6 0 . 1 9 2 4 9 . 9 2 6 2
- 1 . 9 8 5 0 - 1 0 . 1 2 2 8 Ì 1 0 . 3 1 5 6 0 . 1 9 2 4 9 . 9 2 6 2
C o l u m n s 5 t h r o u g h 7
0 . 0 0 0 0 + 2 2 . 3 3 1 4 Í 0 . 0 0 0 0 + 4 4 . 6 6 2 7 Ì 0 . 0 0 0 0 + 8 9 . 3 2 5 5 Ì
1 8 . 6 9 3 0 3 7 . 3 8 6 1 7 4 . 7 7 2 2
1 8 . 6 9 3 0 3 7 . 3 8 6 1 7 4 . 7 7 2 2
1 8 . 8 3 5 1 3 7 . 6 7 0 2 7 5 . 3 4 0 4
1 8 . 8 3 5 1 3 7 . 6 7 0 2 7 5 . 3 4 0 4
1 9 . 0 0 3 7 3 8 . 0 0 7 4 7 6 . 0 1 4 9
1 9 . 0 0 3 7 3 8 . 0 0 7 4 7 6 . 0 1 4 9
0 . 0 0 0 0 + 7 . 7 8 7 2 Ì 0 . 0 0 0 0 + 1 5 . 5 7 4 3 Ì 0 . 0 0 0 0 + 3 1 . 1 4 8 7 Ì
4 . 1 1 1 0 8 . 2 2 2 0 1 6 . 4 4 4 1
4 . 1 1 1 0 8 . 2 2 2 0 1 6 . 4 4 4 1
3 . 0 3 3 7 6 . 0 6 7 5 1 2 . 1 3 5 0
3 . 0 3 3 7 6 . 0 6 7 5 1 2 . 1 3 5 0
4 . 5 3 0 7 9 . 0 6 1 3 1 8 . 1 2 2 7
4 . 5 3 0 7 9 . 0 6 1 3 1 8 . 1 2 2 7
3 . 9 4 9 5 7 . 8 9 9 1 1 5 . 7 9 8 1
3 . 9 4 9 5 7 . 8 9 9 1 1 5 . 7 9 8 1
d l = d l c ,  d 2 = d 2 c ,  d 3 = d 3 e ,  d 4 = d 4 e
E I G
C o lu m n s 1  t h r o u g h  4
- 9 . 6 5 2 8
- 9 . 6 5 2 8
- 9 . 1 4 4 8
- 9 . 1 4 4 8
- 2 5 . 3 3 0 4
- 2 5 . 3 3 0 4
- 2 5 . 6 9 1 9
- 2 5 . 6 9 1 9
- 5 . 9 6 1 2
- 5 . 9 6 1 2
- 0 . 9 2 1 9
- 0 . 9 2 1 9
- 1 . 0 8 4 0
- 1 . 0 8 4 0
- 2 . 7 2 6 2
- 2 . 7 2 6 2
+ 4 7 . 8 9 3 3 Í  
- 4 7 . 8 9 3 3 Ì  
+ 4 8 . 3 0 7 2 Ì  
- 4 8 . 3 0 7 2 Ì  
+ 3 9 . 5 0 3 2 Ì  
- 3 9 . 5 0 3 2 Ì  
+ 3 3 . 5 4 6 7 i  
- 3 3 . 5 4 6 7 Ì  
+ 1 1 . 3 9 5 6 Í  
- 1 1 . 3 9 5 6 Ì  
+ 1 1 . 4 8 8 7 Ì  
- 1 1 . 4 8 8 7 Ì  
+ 7 . 8 8 1 1 Ì
-  7 . 8 8 1 1 Ì  
+ 9 . 3 6 7 4 Ì
-  9 . 3 6 7 4 Ì
4 8 . 8 5 6 4 0 . 1 9 7 6 4 6 . 9 1 0 5
4 8 . 8 5 6 4 0 . 1 9 7 6 4 6 . 9 1 0 5
4 9 . 1 6 5 2 0 . 1 8 6 0 4 7 . 4 3 3 8
4 9 . 1 6 5 2 0 . 1 8 6 0 4 7 . 4 3 3 8
4 6 . 9 2 6 9 0 . 5 3 9 8 3 0 . 3 1 2 9
4 6 . 9 2 6 9 0 . 5 3 9 8 3 0 . 3 1 2 9
4 2 . 2 5 4 6 0 . 6 0 8 0 2 1 . 5 7 0 9
4 2 . 2 5 4 6 0 . 6 0 8 0 2 1 . 5 7 0 9
1 2 . 8 6 0 6 0 . 4 6 3 5 9 . 7 1 2 0
1 2 . 8 6 0 6 0 . 4 6 3 5 9 . 7 1 2 0
1 1 . 5 2 5 6 0 . 0 8 0 0 1 1 . 4 5 1 6
1 1 . 5 2 5 6 0 . 0 8 0 0 1 1 . 4 5 1 6
7 . 9 5 5 3 0 . 1 3 6 3 7 . 8 0 6 2
7 . 9 5 5 3 0 . 1 3 6 3 7 . 8 0 6 2
9 . 7 5 6 1 0 . 2 7 9 4 8 . 9 6 2 0
9 . 7 5 6 1 0 . 2 7 9 4 8 . 9 6 2 0
C-8

















dl=dlc, d2=d2c, d3=d3e, d4=d4<
EIG =
Columns 1 through 4










-1.0531 + 7.7943i 7.8651
-1.0531 - 7.7943i 7.8651
-1.3399 + 9.2742i 9.3705
-1.3399 - 9.2742i 9.3705
-4.1803 +11.3215i 12.0686
-4.1803 -11.3215i 12.0686

















dl=dlc, d2=d2c, d3=d3c, d4=d4
EIG =





































































-3.8916 +11 . 2 8 2 8 1 11.9351
-3.8916 - 1 1 . 2 8 2 8 1 11.9351
-0.7450 + 7.5856i 7.6221
-0.7450 - 7.5856i 7.6221
-2.3292 + 9.6845i 9.9606
-2.3292 - 9.6845i 9.9606








































dl=dlc, d2=d2c, d3=d3c, d4=d4c
EIG =




-0.6670 -11.388 9i 11.4084
-0.7076 + 7.5265i 7.5597
-0.7076 - 7.5265i 7.5597
-1.2927 + 9.1041i 9.1955



























































Result 2 of Program “eigv”
" e iC '/_ i R e s u lt  2 o f  p ro g ra m  " e ig v "  : 2 s e ts  o f  e ig e n v a lu e s  o f  2 l i n e a r  s ta g e s  
% when a l= 0 ,  a2=0
dl=dle, d2=d2e, d3=d3e, d4=d4e 
EIG = 1.0e+002 *
Columns 1 through 4
-0.7188 0.7188
-0.2630 + 0.3453i 0.4340
-0.2630 - 0.34531 0.4340
-0.0956 + 0.2018i 0.2233
-0.0956 - 0.2018i 0.2233
-0.0080 + O.lOlli 0.1015
-0.0080 - O.lOlli 0.1015
-0.0380 + 0.08 97i 0.0974
-0.0380 - 0.08 97i 0.0974
-0.0885 0.0885
-0.2576 + 0.4065i 0.4813
-0.2576 - 0.4065i 0.4813
-0.3692 + 0.10671 0.3843
-0.3692 - 0.10671 0.3843
-0.0736 + 0.098H 0.1227
-0.0736 - 0.098H 0.1227
Columns 5 through 7









0.0000 + 0.0352i 0.0000 + 0.0704Í
0.1251 0.2503
0.1251 0.2503
0.0000 + 0.1406i 0.0000 + 0.2813Í
0.0000 + 0.1406i 0.0000 + 0.2813Í
0.0258 0.0516
0.0258 0.0516









0.0100 0.0000 + 0.0885Í
0.0054 0.3145
0.0054 0.3145
0.0096 0.0000 + 0.3535Í















0.0000 + 0.5626Í 
0.0000 + 0.5626Í 
0.1032 
0.1032

























+ 7.6442Í 7.6808 0.0975 7.6074
- 7.64421 7.6808 0.0975 7.6074
+11.02971 11.0366 0.0354 11.0228
-11.02971 11.0366 0.0354 11.0228
+11.7155Í 11.9248 0.1865 11.5025
-11.7155Í 11.9248 0.1865 11.5025
+47.7465Í 48.7304 0.1999 46.7420
-47.74651 48.7304 0.1999 46.7420
+48.2079Í 49.0251 0.1818 47.3765
-48.2079i 49.0251 0.1818 47.3765
+48.56951 49.2886 0.1702 47.8396
-48.5695Í 49.2886 0.1702 47.8396
+48.1075Í 48.9973 0.1897 47.2010
-48.1075Í 48.9973 0.1897 47.2010
+ 9.2904Í 9.3951 0.1489 9.1846












































Result 1 of Program “ampl”
% ampl_l Result of Program "ampl" under condition: J12=pi/2, L=5, al=0.3, a2=0.4 
ampl -
Columns 1 through 7
1.0000 2.0000 3.0000 4.0000 5.0000 6.0000 7.0000
1.2566 2.5133 3.7699 5.0265 6.2832 7.5398 8.7965
0.0013 0.0014 0.0029 0.0046 0.0022 0.0023 0.0047
-0.0021 -0.0032 -0.0041 -0.0048 -0.0055 -0.0065 -0.0098
-0.0004 -0.0009 -0.0006 - 0.0001 -0.0016 -0.0021 -0.0025
0.0027 0.0074 0.0226 0.0407 0.0214 0.0274 0.0590
-0.0033 -0.0080 -0.0172 -0.0422 -0.0360 -0.0388 -0.0676
-0.0003 -0.0003 0.0027 -0.0008 -0.0073 -0.0057 -0.0043
0.0120 0.0604 0.1229 0.3340 0.3093 0.3245 0.5895
-0.0087 -0.0446 -0.1491 -0.3893 -0.2836 -0.2714 -0.5635
0.0017 0.0079 -0.0131 -0.0277 0.0129 0.0265 0.0130
Columns 8 through 14
8.0000 9.0000 10.0000 11.0000 12.0000 13.0000 14.0000
10.0531 11.3097 12.5664 13.8230 15.0796 16.3363 17.5929
0.0100 0.0116 0.0041 -0.0005 -0.0033 -0.0053 -0.0067
-0.0161 -0.0185 -0.0137 -0.0115 -0.0106 -0.0103 -0.0102
1 O o o CO o -0.0035 -0.0048 -0.0060 -0.0070 -0.0078 -0.0084
0.1288 0.1720 0.1127 0.0755 0.0544 0.0408 0.0311
-0.1335 -0.1683 -0.1118 -0.0760 -0.0552 -0.0415 -0.0315
-0.0023 0.0019 0.0004 -0.0003 -0.0004 -0.0003 -0.0002
1.2848 1.9193 1.4506 1.0854 0.8590 0.6986 0.5707
-1.3604 -1.9336 -1.3690 -1.0062 -0.7930 -0.6459 -0.5315
-0.0378 -0.0071 0.0408 0.0396 0.0330 0.0264 0.0196
Columns 15 through 21
15.0000 16.0000 17.0000 18.0000 19.0000 20.0000 21.0000
18.8496 20.1062 21.3628 22.6195 23.8761 25.1327 26.3894
-0.0077 -0.0086 -0.0094 -0.0101 -0.0108 -0.0115 -0.0122
-0.0103 -0.0105 -0.0108 -0.0113 -0.0117 -0.0122 -0.0128
-0.0090 -0.0096 -0.0101 -0.0107 -0.0113 -0.0119 -0.0125
0.0240 0.0189 0.0153 0.0127 0.0108 0.0094 0.0082
-0.0242 -0.0190 -0.0153 -0.0127 -0.0109 -0.0094 -0.0083
- 0.0001 - 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
0.4678 0.3888 0.3312 0.2886 0.2569 0.2325 0.2133
-0.4412 -0.3740 -0.3253 -0.2899 -0.2633 -0.2423 -0.2252
0.0133 0.0074 0.0030 -0.0007 -0.0032 -0.0049 -0.0059
Columns 22 through 28
22.0000 23.0000 24.0000 25.0000 26.0000 27.0000 28.0000
27.6460 28.9027 30.1593 31.4159 32.6726 33.9292 35.1858
-0.0128 -0.0134 -0.0140 -0.0145 -0.0150 -0.0155 -0.0159
-0.0133 -0.0139 -0.0144 -0.0149 -0.0153 -0.0157 -0.0161
-0.0131 -0.0136 -0.0142 -0.0147 -0.0152 -0.0156 -0.0160
0.0072 0.0065 0.0058 0.0052 0.0047 0.0042 0.0039
-0.0074 -0.0066 -0.0060 -0.0054 -0.0049 -0.0044 -0.0040
- 0.0001 - 0.0001 - 0.0001 - 0.0001 - 0.0001 - 0.0001 - 0.0001
0.1972 0.1833 0.1702 0.1601 0.1500 0.1391 0.1302
-0.2107 -0.1979 -0.1864 -0.1741 -0.1635 -0.1539 -0.1422
-0.0067 -0.0073 -0.0081 -0.0070 -0.0067 -0.0074 -0.0060
Columns 29 through 35
29.0000 30.0000 31.0000 32.0000 33.0000 34.0000 35.0000
36.4425 37.6991 38.9557 40.2124 41.4690 42.7257 43.9823
-0.0162 -0.0165 -0.0167 -0.0169 -0.0170 -0.0171 -0.0172
-0.0164 -0.0167 -0.0169 -0.0170 -0.0172 -0.0172 -0.0173
-0.0163 -0.0166 -0.0168 -0.0170 -0.0171 -0.0172 -0.0172
0.0034 0.0028 0.0027 0.0024 0.0022 0.0019 0.0016
-0.0036 -0.0033 -0.0029 -0.0026 -0.0024 -0.0022 -0.0019
- 0.0001 -0.0002 - 0.0001 - 0.0001 - 0.0001 - 0.0001 - 0.0001
0.1201 0.1116 0.1018 0.0926 0.0863 0.0791 0.0715
-0.1331 -0.1254 -0.1140 -0.1069 -0.0984 -0.0870 -0.0807
-0.0065 -0.0069 -0.0061 -0.0071 -0.0060 -0.0040 -0.0046
C -13
Columns 36 through 42
36.0000 37.0000 38.0000 39.0000 40.0000 41.0000 42.0000
45.2389 46.4956 47.7522 49.0088 50.2655 51.5221 52.7788
-0.0172 -0.0171 -0.0170 -0.0169 -0.0167 -0.0165 -0.0162
-0.0173 -0.0172 -0.0171 -0.0169 -0.0168 -0.0166 -0.0164
-0.0172 -0.0172 -0.0171 -0.0169 -0.0167 -0.0165 -0.0163
0.0017 0.0013 0.0013 0.0010 0.0009 0.0016 0.0014
-0.0019 -0.0017 -0.0015 -0.0011 -0.0013 -0.0003 -0.0002
-0.0001 -0.0002 -0.0001 0.0000 -0.0002 0.0006 0.0006
0.0662 0.0611 0.0549 0.0484 0.0475 0.0436 0.0419
-0.0752 -0.0654 -0.0616 -0.0573 -0.0495 -0.0513 -0.0493
-0.0045 -0.0021 -0.0033 -0.0044 -0.0010 -0.0038 -0.0037
Columns 43 through 49
43.0000 44.0000 45.0000 46.0000 47.0000 48.0000 49.0000
54.0354 55.2920 56.5487 57.8053 59.0619 60.3186 61.5752
-0.0160 -0.0157 -0.0154 -0.0151 -0.0148 -0.0145 -0.0142
-0.0161 -0.0158 -0.0155 -0.0152 -0.0149 -0.0146 -0.0143
-0.0160 -0.0158 -0.0155 -0.0152 -0.0149 -0.0145 -0.0143
0.0014 0.0012 0.0011 0.0011 0.0010 0.0013 0.0008
-0.0006 -0.0005 -0.0003 -0.0003 -0.0002 -0.0007 -0.0005
0.0004 0.0004 0.0004 0.0004 0.0004 0.0003 0.0002
0.0406 0.0304 0.0296 0.0284 0.0289 0.0267 0.0270
-0.0473 -0.0436 -0.0407 -0.0380 -0.0336 -0.0373 -0.0315
-0.0034 -0.0066 -0.0055 -0.0048 -0.0024 -0.0053 -0.0023
Columns 50 through 56
50.0000 51.0000 52.0000 53.0000 54.0000 55.0000 56.0000
62.8319 64.0885 65.3451 66.6018 67.8584 69.1150 70.3717
-0.0139 -0.0136 -0.0133 -0.0131 -0.0128 -0.0125 -0.0122
-0.0140 -0.0137 -0.0134 -0.0131 -0.0128 -0.0125 -0.0123
-0.0140 -0.0137 -0.0134 -0.0131 -0.0128 -0.0125 -0.0123
0.0008 0.0007 0.0007 0.0006 0.0006 0.0007 0.0005
-0.0004 -0.0002 -0.0001 -0.0004 -0.0004 -0.0003 -0.0001
0.0002 0.0002 0.0003 0.0001 0.0001 0.0002 0.0002
0.0216 0.0215 0.0219 0.0209 0.0196 0.0193 0.0202
-0.0296 -0.0273 -0.0253 -0.0245 -0.0233 -0.0229 -0.0208
-0.0040 -0.0029 -0.0017 -0.0018 -0.0019 -0.0018 -0.0003
Columns 57 through 63
57.0000 58.0000 59.0000 60.0000 61.0000 62.0000 63.0000
71.6283 72.8849 74.1416 75.3982 76.6549 77.9115 79.1681
-0.0120 -0.0117 -0.0115 -0.0113 -0.0110 -0.0108 -0.0106
-0.0120 -0.0118 -0.0115 -0.0113 -0.0111 -0.0109 -0.0107
-0.0120 -0.0118 -0.0115 -0.0113 -0.0111 -0.0109 -0.0106
0.0005 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004
-0.0002 -0.0003 -0.0003 -0.0002 -0.0002 -0.0001 -0.0001
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
0.0162 0.0154 0.0160 0.0159 0.0155 0.0152 0.0136
-0.0197 -0.0185 -0.0178 -0.0170 -0.0167 -0.0156 -0.0149
-0.0017 -0.0016 -0.0009 -0.0006 -0.0006 -0.0002 -0.0007
Columns 64 through 70
64.0000 65.0000 66.0000 67.0000 68.0000 69.0000 70.0000
80.4248 81.6814 82.9380 84.1947 85.4513 86.7080 87.9646
-0.0104 -0.0102 -0.0101 -0.0099 -0.0097 -0.0095 -0.0094
-0.0105 -0.0103 -0.0101 -0.0099 -0.0097 -0.0095 -0.0094
-0.0105 -0.0102 -0.0101 -0.0099 -0.0097 -0.0095 -0.0094
0.0003 0.0003 0.0003 0.0004 0.0003 0.0002 0.0002
-0.0001 -0.0002 -0.0001 0.0000 -0.0001 -0.0001 -0.0001
0.0001 0.0000 0.0001 0.0002 0.0001 0.0000 0.0001
0.0142 0.0124 0.0126 0.0127 0.0122 0.0105 0.0103
-0.0130 -0.0136 -0.0125 -0.0130 -0.0126 -0.0114 -0.0111
0.0006 -0.0006 0.0001 -0.0002 -0.0002 -0.0005 -0.0004
Columns 71 through 77
71.0000 72.0000 73.0000 74.0000 75.0000 76.0000 77.0000
89.2212 90.4779 91.7345 92.9911 94.2478 95.5044 96.7611
-0.0092 -0.0091 -0.0089 -0.0088 -0.0086 -0.0085 -0.0084
-0.0092 -0.0091 -0.0089 -0.0088 -0.0086 -0.0085 -0.0084
-0.0092 -0.0091 -0.0089 -0.0088 -0.0086 -0.0085 -0.0084
C -14
0.0003 0.0002 0.0002 0.0002 0.0002 0.0002 0.0001
0.0000 -0.0001 0.0000 0.0000 -0.0001 0.0000 -0.0002
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 -0.0001
0.0113 0.0095 0.0103 0.0103 0.0092 0.0083 0.0082
-0.0103 -0.0103 -0.0097 -0.0093 -0.0090 -0.0089 -0.0087
0.0005 -0.0004 0.0003 0.0005 0.0001 -0.0003 -0.0003













Columns 1 through 7
1.0000 2.0000 3.0000 4.0000 5.0000 6.0000 7.0000
1.2566 2.5133 3.7699 5.0265 6.2832 7.5398 8.7965
0.0000 0.0000 0.0001 -0.0008 -0.0005 -0.0007 -0.0006
-0.0004 -0.0009 -0.0015 -0.0013 -0.0020 -0.0022 -0.0028
-0.0002 -0.0005 -0.0007 -0.0010 -0.0013 -0.0015 -0.0017
0.0005 0.0021 0.0064 0.0024 0.0069 0.0069 0.0107
-0.0007 -0.0023 -0.0063 -0.0017 -0.0086 -0.0094 -0.0129
-0.0001 -0.0001 0.0000 0.0003 -0.0009 -0.0012 -0.0011
0.0017 0.0110 0.0400 0.0291 0.0986 0.1080 0.1062
-0.0049 -0.0167 -0.0576 -0.0254 -0.1004 -0.1083 -0.1536
-0.0016 -0.0028 -0.0088 0.0018 -0.0009 -0.0002 -0.0237
Columns 8 through 14
8.0000 9.0000 10.0000 11.0000 12.0000 13.0000 14.0000
10.0531 11.3097 12.5664 13.8230 15.0796 16.3363 17.5929
0.0002 0.0008 -0.0006 -0.0021 -0.0033 -0.0044 -0.0054
-0.0045 -0.0061 -0.0057 -0.0059 -0.0064 -0.0069 -0.0074
-0.0022 -0.0026 -0.0032 -0.0040 -0.0049 -0.0057 -0.0064
0.0273 0.0387 0.0262 0.0233 0.0217 0.0197 0.0172
-0.0215 -0.0403 -0.0371 -0.0316 -0.0273 -0.0235 -0.0199
0.0029 -0.0008 -0.0055 -0.0042 -0.0028 -0.0019 -0.0013
0.2415 0.5607 0.4400 0.3722 0.3408 0.3224 0.3039
-0.3053 -0.3519 -0.4631 -0.4843 -0.4867 -0.4752 -0.4430
-0.0319 0.1044 -0.0116 -0.0560 -0.0729 -0.0764 -0.0696
Columns 15 through 21
15.0000 16.0000 17.0000 18.0000 19.0000 20.0000 21.0000
18.8496 20.1062 21.3628 22.6195 23.8761 25.1327 26.3894
-0.0062 -0.0070 -0.0077 -0.0084 -0.0091 -0.0097 -0.0104
-0.0079 -0.0084 -0.0089 -0.0094 -0.0100 -0.0106 -0.0112
-0.0070 -0.0077 -0.0083 -0.0089 -0.0095 -0.0102 -0.0108
0.0148 0.0132 0.0122 0.0116 0.0113 0.0110 0.0107
-0.0169 -0.0145 -0.0128 -0.0116 -0.0107 -0.0100 -0.0094
-0.0010 -0.0006 -0.0003 0.0000 0.0003 0.0005 0.0007
0.2864 0.2703 0.2541 0.2980 0.3440 0.3860 0.4314
-0.3950 -0.3448 -0.3038 -0.2784 -0.2733 -0.2853 -0.3046
-0.0543 -0.0372 -0.0248 0.0098 0.0354 0.0503 0.0634
Columns 22 through 28
22.0000 23.0000 24.0000 25.0000 26.0000 27.0000 28.0000
27.6460 28.9027 30.1593 31.4159 32.6726 33.9292 35.1858
-0.0111 -0.0117 -0.0124 -0.0130 -0.0136 -0.0141 -0.0146
-0.0118 -0.0124 -0.0130 -0.0135 -0.0141 -0.0146 -0.0150
-0.0114 -0.0121 -0.0127 -0.0133 -0.0138 -0.0143 -0.0148
0.0105 0.0102 0.0099 0.0095 0.0091 0.0086 0.0080
-0.0088 -0.0083 -0.0078 -0.0073 -0.0068 -0.0062 -0.0056
0.0008 0.0010 0.0010 0.0011 0.0012 0.0012 0.0012
0.4658 0.4972 0.5276 0.5415 0.5570 0.5638 0.5616
-0.3246 -0.3416 -0.3542 -0.3614 -0.3626 -0.3579 -0.3469
C -15
0.0706 0.0778 0.0867 0.0901 0.0972 0.1030 0.1073
Columns 29 through 35
29.0000 30.0000 31.0000 32.0000 33.0000 34.0000 35.000036.4425 37.6991 38.9557 40.2124 41.4690 42.7257 43.9823-0.0151 -0.0155 -0.0159 -0.0162 -0.0164 -0.0166 -0.0166
-0.0154 -0.0158 -0.0161 -0.0163 -0.0165 -0.0166 -0.0167
-0.0153 -0.0156 -0.0160 -0.0162 -0.0164 -0.0166 -0.0167
0.0072 0.0065 0.0056 0.0046 0.0037 0.0028 0.0019
-0.0052 -0.0046 -0.0041 -0.0035 -0.0028 -0.0021 -0.0013
0.0010 0.0009 0.0007 0.0006 0.0005 0.0004 0.0003
0.5426 0.5229 0.4778 0.4438 0.4102 0.3575 0.3249
-0.3310 -0.3109 -0.2874 -0.2627 -0.2375 -0.2134 -0.1913
0.1058 0.1060 0.0952 0.0905 0.0864 0.0721 0.0668
Columns 36 through 42
36.0000 37.0000 38.0000 39.0000 40.0000 41.0000 42.0000
45.2389 46.4956 47.7522 49.0088 50.2655 51.5221 52.7788
-0.0167 -0.0166 -0.0165 -0.0163 -0.0161 -0.0159 -0.0156
-0.0167 -0.0167 -0.0166 -0.0164 -0.0162 -0.0160 -0.0157
-0.0167 -0.0166 -0.0165 -0.0164 -0.0162 -0.0159 -0.0157
0.0016 0.0018 0.0022 0.0026 0.0029 0.0032 0.0035
-0.0013 -0.0018 -0.0022 -0.0024 -0.0027 -0.0031 -0.0034
0.0001 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000
0.3247 0.3088 0.2767 0.2862 0.3083 0.3249 0.3347
-0.2038 -0.2447 -0.2825 -0.3149 -0.3442 -0.3661 -0.3829
0.0605 0.0321 -0.0029 -0.0143 -0.0179 -0.0206 -0.0241
Columns 43 through 49
43.0000 44.0000 45.0000 46.0000 47.0000 48.0000 49.0000
54.0354 55.2920 56.5487 57.8053 59.0619 60.3186 61.5752
-0.0153 -0.0150 -0.0147 -0.0144 -0.0140 -0.0137 -0.0134
-0.0155 -0.0151 -0.0148 -0.0145 -0.0142 -0.0138 -0.0135
-0.0154 -0.0151 -0.0148 -0.0144 -0.0141 -0.0138 -0.0135
0.0039 0.0041 0.0043 0.0043 0.0043 0.0045 0.0045
-0.0036 -0.0037 -0.0038 -0.0040 -0.0040 -0.0040 -0.0040
0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
0.3579 0.3771 0.3899 0.3963 0.4016 0.4013 0.3912
-0.3972 -0.4070 -0.4134 -0.4168 -0.4181 -0.4170 -0.4151
-0.0197 -0.0150 -0.0117 -0.0103 -0.0082 -0.0078 -0.0120
Columns 50 through 56
50.0000 51.0000 52.0000 53.0000 54.0000 55.0000 56.0000
62.8319 64.0885 65.3451 66.6018 67.8584 69.1150 70.3717
-0.0131 -0.0128 -0.0125 -0.0122 -0.0119 -0.0116 -0.0114
-0.0132 -0.0129 -0.0126 -0.0123 -0.0120 -0.0117 -0.0115
-0.0131 -0.0128 -0.0125 -0.0122 -0.0119 -0.0117 -0.0114
0.0045 0.0044 0.0044 0.0043 0.0043 0.0043 0.0041
-0.0040 -0.0039 -0.0038 -0.0038 -0.0038 -0.0037 -0.0036
0.0002 0.0003 0.0003 0.0003 0.0003 0.0003 0.0002
0.4003 0.3947 0.3895 0.3850 0.3795 0.3725 0.3690
-0.4109 -0.4043 -0.3999 -0.3929 -0.3862 -0.3790 -0.3726
-0.0053 -0.0048 -0.0052 -0.0039 -0.0033 -0.0033 -0.0018
Columns 57 through 63
57.0000 58.0000 59.0000 60.0000 61.0000 62.0000 63.0000
71.6283 72.8849 74.1416 75.3982 76.6549 77.9115 79.1681
-0.0111 -0.0109 -0.0106 -0.0104 -0.0102 -0.0100 -0.0098
-0.0112 -0.0110 -0.0107 -0.0105 -0.0103 -0.0101 -0.0099
-0.0112 -0.0109 -0.0107 -0.0105 -0.0102 -0.0100 -0.0098
0.0041 0.0040 0.0039 0.0038 0.0036 0.0036 0.0035
-0.0035 -0.0034 -0.0033 -0.0033 -0.0032 -0.0031 -0.0030
0.0003 0.0003 0.0003 0.0003 0.0002 0.0003 0.0002
0.3636 0.3575 0.3517 0.3487 0.3434 0.3378 0.3333
-0.3653 -0.3570 -0.3498 -0.3425 -0.3355 -0.3275 -0.3203
-0.0008 0.0003 0.0010 0.0031 0.0040 0.0052 0.0065
Columns 64 through 70
64.0000 65.0000 66.0000 67.0000 68.0000 69.0000 70.0000
80.4248 81.6814 82.9380 84.1947 85.4513 86.7080 87.9646
-0.0096 -0.0094 -0.0092 -0.0091 -0.0089 -0.0087 -0.0086
C -16
-0.0097 -0.0095 -0.0093 -0.0091 -0.0090 -0.0088 -0.0086
-0.0096 -0.0094 -0.0093 -0.0091 -0.0089 -0.0088 -0.0086
0.0034 0.0033 0.0033 0.0031 0.0031 0.0030 0.0030
-0.0030 -0.0028 -0.0028 -0.0027 -0.0026 -0.0026 -0.0025
0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
0.3289 0.3219 0.3197 0.3155 0.3117 0.3071 0.3017
-0.3138 -0.3068 -0.3003 -0.2944 -0.2873 -0.2811 -0.2759
0.0076 0.0076 0.0097 0.0105 0.0122 0.0130 0.0129
Columns 71 through 77
71.0000 72.0000 73.0000 74.0000 75.0000 76.0000 77.0000
89.2212 90.4779 91.7345 92.9911 94.2478 95.5044 96.7611
-0.0084 -0.0083 -0.0082 -0.0080 -0.0079 -0.0078 -0.0076
-0.0085 -0.0084 -0.0082 -0.0081 -0.0079 -0.0078 -0.0077
-0.0085 -0.0083 -0.0082 -0.0081 -0.0079 -0.0078 -0.0077
0.0028 0.0028 0.0027 0.0026 0.0026 0.0025 0.0024
-0.0024 -0.0024 -0.0023 -0.0023 -0.0022 -0.0021 -0.0022
0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0001
0.2980 0.2945 0.2899 0.2861 0.2829 0.2800 0.2765
-0.2708 -0.2640 -0.2585 -0.2531 -0.2490 -0.2442 -0.2375
0.0136 0.0153 0.0157 0.0165 0.0170 0.0179 0.0195

























4.0000 5.0000 6.0000 7.0000
5.0265 6.2832 7.5398 8.7965
0.0068 0.0072 0.0080 0.0089
-0.0070 -0.0077 -0.0084 -0.0092
-0.0001 -0.0003 -0.0002 -0.0002
0.0333 0.0493 0.0646 0.0825
-0.0332 -0.0475 -0.0614 -0.0784
0.0000 0.0009 0.0016 0.0021
0.1873 0.3021 0.4391 0.6675
-0.1939 -0.2835 -0.4609 -0.7288
-0.0033 0.0093 -0.0109 -0.0306
Columns 8 through 14
8.0000 9.0000 10.0000 11
10.0531 11.3097 12.5664 13
0.0100 0.0099 0.0094 0
-0.0098 -0.0098 -0.0106 -0
0.0001 0.0000 -0.0006 -0
0.1007 0.1095 0.1279 0
-0.0995 -0.1127 -0.1232 -0
0.0006 -0.0016 0.0023 0
0.9142 1.2961 1.6808 1
-1.0945 -1.2399 -1.5130 -1
-0.0902 0.0281 0.0839 0
Columns 15 through 21
15.0000 16.0000 17.0000 18
18.8496 20.1062 21.3628 22
0.0061 0.0052 0.0044 0
-0.0093 -0.0087 -0.0082 -0
-0.0016 -0.0018 -0.0019 -0
0.1459 0.1400 0.1349 0
-0.1458 -0.1401 -0.1347 -0
0.0000 -0.0001 0.0001 0
0000 12.0000 13.0000 14.0000
8230 15.0796 16.3363 17.5929
0092 0.0087 0.0080 0.0071
0110 -0.0109 -0.0106 -0.0100
0009 -0.0011 -0.0013 -0.0015
1422 0.1505 0.1534 0.1513
1365 -0.1461 -0.1507 -0.1501
0028 0.0022 0.0014 0.0006
9712 2.2183 2.4354 2.6135
9111 -2.2532 -2.5219 -2.7003
0300 -0.0174 -0.0432 -0.0434
0000 19.0000 20.0000 21.0000
6195 23.8761 25.1327 26.3894
0037 0.0032 0.0028 0.0024
0078 -0.0075 -0.0072 -0.0071
0020 -0.0021 -0.0022 -0.0023
1311 0.1282 0.1262 0.1247
1304 -0.1274 -0.1253 -0.1239
0003 0.0004 0.0005 0.0004
C -17
2.7435 2.8387 2.9207 3.0057 3.1016 3.2107 3.3320-2.7986 -2.8583 -2.9155 -2.9876 -3.0800 -3.1922 -3.3215-0.0275 -0.0098 0.0026 0.0090 0.0108 0.0092 0.0053
Columns 22 through 28
22.0000 23.0000 24.0000 25.0000 26.0000 27.0000 28.0000
27.6460 28.9027 30.1593 31.4159 32.6726 33.9292 35.1858
0.0021 0.0018 0.0015 0.0013 0.0012 0.0010 0.0009
-0.0069 -0.0068 -0.0066 -0.0065 -0.0063 -0.0061 -0.0059
-0.0024 -0.0025 -0.0026 -0.0026 -0.0026 -0.0026 -0.0025
0.1237 0.1230 0.1224 0.1217 0.1208 0.1197 0.1183
-0.1230 -0.1224 -0.1219 -0.1213 -0.1206 -0.1195 -0.1182
0.0003 0.0003 0.0002 0.0002 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1
3.4621 3.5967 3.7324 3.8646 3.9898 4.1058 4.2101
-3.4637 -3.6129 -3.7648 -3.9143 -4.0562 -4.1875 -4.3040
-0.0008 -0.0081 -0.0162 -0.0249 -0.0332 -0.0409 -0.0469
Columns 29 through 35
29.0000 30.0000 31.0000 32.0000 33.0000 34.0000 35.0000
36.4425 37.6991 38.9557 40.2124 41.4690 42.7257 43.9823
0.0008 0.0007 0.0007 0.0006 0.0006 0.0005 0.0005
-0.0057 -0.0054 -0.0052 -0.0049 -0.0046 -0.0044 -0.0041
-0.0024 -0.0024 -0.0023 -0.0021 -0.0020 -0.0019 -0.0018
0.1165 0.1144 0.1120 0.1092 0.1062 0.1029 0.0995
-0.1165 -0.1144 -0.1120 -0.1093 -0.1063 -0.1030 -0.0996
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 - 0 . 0 0 0 1
4.3017 4.3774 4.4371 4.4794 4.5048 4.5110 4.5010
-4.4017 -4.4818 -4.5403 -4.5763 -4.5926 -4.5884 -4.5639
-0.0500 -0.0522 -0.0516 -0.0484 -0.0439 -0.0387 -0.0315
Columns 36 through 42
36.0000 37.0000 38.0000 39.0000 40.0000 41.0000 42.0000
45.2389 46.4956 47.7522 49.0088 50.2655 51.5221 52.7788
0.0004 0.0003 0.0003 0.0002 0 . 0 0 0 1 0 . 0 0 0 0 - 0 . 0 0 0 1
-0.0039 -0.0037 -0.0035 -0.0033 -0.0032 -0.0031 -0.0029
-0.0017 -0.0017 -0.0016 -0.0016 -0.0015 -0.0015 -0.0015
0.0958 0.0921 0.0884 0.0846 0.0809 0.0773 0.0737
-0.0960 -0.0923 -0.0886 -0.0849 -0.0813 -0.0777 -0.0742
- 0 . 0 0 0 1 - 0 . 0 0 0 1 - 0 . 0 0 0 1 -0.0002 -0.0002 -0.0002 -0.0003
4.4728 4.4303 4.3750 4.3084 4.2297 4.1493 4.0600
-4.5238 -4.4683 -4.3997 -4.3220 -4.2349 -4.1451 -4.0493
-0.0255 -0.0190 -0.0123 -0.0068 -0.0026 0.0021 0.0053
Columns 43 through 49
43.0000 44.0000 45.0000 46.0000 47.0000 48.0000 49.0000
54.0354 55.2920 56.5487 57.8053 59.0619 60.3186 61.5752
-0.0002 -0.0003 -0.0004 -0.0005 -0.0005 -0.0006 -0.0007
-0.0029 -0.0028 -0.0027 -0.0026 -0.0026 -0.0025 -0.0025
-0.0015 -0.0015 -0.0015 -0.0015 -0.0016 -0.0016 -0.0016
0.0704 0.0671 0.0640 0.0611 0.0583 0.0557 0.0533
-0.0709 -0.0677 -0.0648 -0.0618 -0.0591 -0.0565 -0.0541
-0.0003 -0.0003 -0.0004 -0.0003 -0.0004 -0.0004 -0.0004
3.9692 3.8776 3.7842 3.6919 3.6016 3.5127 3.4252
-3.9531 -3.8544 -3.7596 -3.6653 -3.5730 -3.4821 -3.3958
0.0081 0.0116 0.0123 0.0133 0.0143 0.0153 0.0147
Columns 50 through 56
50.0000 51.0000 52.0000 53.0000 54.0000 55.0000 56.0000
62.8319 64.0885 65.3451 66.6018 67.8584 69.1150 70.3717
-0.0008 -0.0008 -0.0009 -0.0009 -0.0010 -0.0010 -0.0010
-0.0024 -0.0024 -0.0023 -0.0023 -0.0023 -0.0022 -0.0022
-0.0016 -0.0016 -0.0016 -0.0016 -0.0016 -0.0016 -0.0016
0.0510 0.0488 0.0467 0.0448 0.0430 0.0413 0.0397
-0.0518 -0.0496 -0.0475 -0.0456 -0.0438 -0.0420 -0.0404
-0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0003
3.3434 3.2613 3.1852 3.1095 3.0372 2.9676 2.9017
-3.3116 -3.2333 -3.1542 -3.0806 -3.0105 -2.9428 -2.8772
0.0159 0.0140 0.0155 0.0145 0.0134 0.0124 0.0123
Columns 57 through 63




































































75.3982 76.6549 77.9115 79
-0.0011 -0.0011 -0.0012 -0
-0.0020 -0.0020 -0.0020 -0
-0.0016 -0.0016 -0.0016 -0
0.0342 0.0329 0.0318 0
-0.0347 -0.0335 -0.0323 -0
-0.0003 -0.0003 -0.0002 -0
2.6612 2.6063 2.5541 2
-2.6438 -2.5926 -2.5418 -2
0.0087 0.0069 0.0062 0
67.0000 68.0000 69.0000 70
84.1947 85.4513 86.7080 87
-0.0012 -0.0012 -0.0012 -0
-0.0018 -0.0018 -0.0018 -0
-0.0015 -0.0015 -0.0015 -0
0.0269 0.0260 0.0252 0
-0.0273 -0.0264 -0.0256 -0
-0.0002 -0.0002 -0.0002 -0
2.3211 2.2797 2.2406 2
-2.3167 -2.2769 -2.2375 -2
0.0022 0.0014 0.0016 0
74.0000 75.0000 76.0000 77
92.9911 94.2478 95.5044 96
-0.0012 -0.0012 -0.0012 -0
-0.0017 -0.0017 -0.0016 -0
-0.0014 -0.0014 -0.0014 -0
0.0217 0.0211 0.0205 0
-0.0220 -0.0214 -0.0208 -0
-0.0001 -0.0001 -0.0001 -0
2.0587 2.0261 1.9951 1
-2.0635 -2.0314 -2.0007 -1
-0.0024 -0.0027 -0.0028 -0
4.0000 5.0000 6.0000 7
5.0265 6.2832 7.5398 8
0.0010 0.0008 0.0003 -0
-0.0012 -0.0019 -0.0023 -0
-0.0001 -0.0006 -0.0010 -0
0.0065 0.0133 0.0158 0
-0.0095 -0.0147 -0.0160 -0
-0.0015 -0.0007 -0.0001 0
0.0799 0.1435 0.1957 0
-0.0637 -0.1664 -0.1873 -0
0.0081 -0.0114 0.0042 0
11.0000 12.0000 13.0000 14
13.8230 15.0796 16.3363 17
-0.0015 -0.0021 -0.0024 -0
-0.0062 -0.0057 -0.0052 -0
-0.0039 -0.0039 -0.0038 -0



















































-0.0154 -0.0444 -0.0463 -0.0396 -0.0344 -0.0305 -0.02710.0068 0.0007 -0.0075 -0.0065 -0.0047 -0.0041 -0.00440.3560 0.7240 0.5928 0.5296 0.5418 0.5366 0.5337-0.3511 -0.3600 -0.5404 -0.5840 -0.5948 -0.5869 -0.55630.0025 0.1820 0.0262 -0.0272 -0.0265 -0.0252 -0.0113
Columns 15 through 21
15.0000 16.0000 17.0000 18.0000 19.0000 20.0000 21.0000
18.8496 20.1062 21.3628 22.6195 23.8761 25.1327 26.3894
-0.0025 -0.0025 -0.0025 -0.0023 -0.0022 -0.0020 -0.0019
-0.0044 -0.0040 -0.0038 -0.0035 -0.0033 -0.0031 -0.0029
-0.0035 -0.0033 -0.0031 -0.0029 -0.0028 -0.0026 -0.0024
0.0141 0.0121 0.0137 0.0155 0.0172 0.0188 0.0202
-0.0237 -0.0203 -0.0171 -0.0144 -0.0124 -0.0114 -0.0119
-0.0048 -0.0041 -0.0017 0.0005 0.0024 0.0037 0.0042
0.5163 0.4701 0.4107 0.3384 0.3431 0.4100 0.4839
-0.4989 -0.4214 -0.3328 -0.3814 -0.5030 -0.6298 -0.7570
0.0087 0.0243 0.0389 -0.0215 -0.0800 -0.1099 -0.1365
Columns 22 through 28
22.0000 23.0000 24.0000 25.0000 26.0000 27.0000 28.0000
27.6460 28.9027 30.1593 31.4159 32.6726 33.9292 35.1858
-0.0017 -0.0015 -0.0013 - 0.0011 -0.0009 -0.0007 -0.0005
-0.0027 -0.0025 -0.0023 -0.0021 -0.0018 -0.0016 -0.0013
-0.0022 -0.0020 -0.0018 -0.0016 -0.0014 -0.0012 -0.0009
0.0215 0.0225 0.0235 0.0242 0.0246 0.0248 0.0246
-0.0133 -0.0146 -0.0157 -0.0165 -0.0171 -0.0174 -0.0175
0.0041 0.0040 0.0039 0.0038 0.0038 0.0037 0.0036
0.5634 0.6472 0.7348 0.8245 0.9161 1.0072 1.0977
-0.8810 -1.0007 -1.1143 -1.2183 -1.3127 -1.3957 -1.4649
-0.1588 -0.1768 -0.1898 -0.1969 -0.1983 -0.1943 -0.1836
Columns 29 through 35
29.0000 30.0000 31.0000 32.0000 33.0000 34.0000 35.0000
36.4425 37.6991 38.9557 40.2124 41.4690 42.7257 43.9823
-0.0003 -0.0002 0.0000 0.0001 0.0002 0.0002 0.0002
- 0.0011 -0.0009 -0.0007 -0.0005 -0.0004 -0.0003 -0.0002
-0.0007 -0.0005 -0.0003 -0.0002 - 0.0001 0.0000 0.0000
0.0242 0.0235 0.0225 0.0214 0.0201 0.0186 0.0172
-0.0174 -0.0173 -0.0170 -0.0166 -0.0163 -0.0160 -0.0160
0.0034 0.0031 0.0028 0.0024 0.0019 0.0013 0.0006
1.1868 1.2719 1.3523 1.4259 1.4909 1.5433 1.5788
-1.5166 -1.5617 -1.5822 -1.5939 -1.5931 -1.5790 -1.5501
-0.1649 -0.1449 -0.1149 -0.0840 -0.0511 -0.0179 0.0144
Columns 36 through 42
36.0000 37.0000 38.0000 39.0000 40.0000 41.0000 42.0000
45.2389 46.4956 47.7522 49.0088 50.2655 51.5221 52.7788
0.0002 0.0002 0.0001 0.0001 0.0000 - 0.0001 -0.0002
-0.0002 -0.0002 -0.0003 -0.0003 -0.0004 -0.0005 -0.0006
0.0000 0.0000 - 0.0001 - 0.0001 -0.0002 -0.0003 -0.0004
0.0156 0.0165 0.0172 0.0177 0.0180 0.0182 0.0181
-0.0159 -0.0156 -0.0155 -0.0155 -0.0155 -0.0156 -0.0156
- 0.0001 0.0004 0.0009 0.0011 0.0013 0.0013 0.0013
1.5982 1.5842 1.5718 1.5782 1.6352 1.6752 1.7024
-1.5280 -1.5163 -1.5657 -1.5968 -1.6016 -1.6190 -1.6120
0.0351 0.0339 0.0030 -0.0093 0.0168 0.0281 0.0452
Columns 43 through 49
43.0000 44.0000 45.0000 46.0000 47.0000 48.0000 49.0000
54.0354 55.2920 56.5487 57.8053 59.0619 60.3186 61.5752
-0.0003 -0.0004 -0.0005 -0.0006 -0.0006 -0.0007 -0.0007
-0.0007 -0.0008 -0.0009 -0.0009 -0.0010 -0.0010 -0.0010
-0.0005 -0.0006 -0.0007 -0.0007 -0.0008 -0.0009 -0.0009
0.0180 0.0177 0.0174 0.0170 0.0165 0.0161 0.0155
-0.0155 -0.0154 -0.0153 -0.0153 -0.0151 -0.0149 -0.0147
0.0012 0.0012 0.0010 0.0009 0.0007 0.0006 0.0004
1.7335 1.7519 1.7698 1.7739 1.7781 1.7650 1.7632
-1.6015 -1.5882 -1.5705 -1.5314 -1.5091 -1.4686 -1.4380
0.0660 0.0818 0.0997 0.1213 0.1345 0.1482 0.1626
C o l u m n s  50 t h r o u g h  56
C -20
50.0000 51.0000 52.0000 53.0000 54.0000 55.0000 56.000062.8319 64.0885 65.3451 66.6018 67.8584 69.1150 70.3717
-0.0008 -0.0008 -0.0008 -0.0008 -0.0009 -0.0009 -0.0009-0.0011 -0.0011 -0.0011 -0.0011 -0.0011 -0.0011 -0.0011
-0.0009 -0.0009 -0.0010 -0.0010 -0.0010 -0.0010 -0.0010
0.0149 0.0145 0.0139 0.0134 0.0129 0.0124 0.0119
-0.0143 -0.0141 -0.0138 -0.0135 -0.0133 -0.0129 -0.0125
0.0003 0.0002 0.0000 -0.0001 -0.0002 -0.0002 -0.0003
1.7434 1.7194 1.7078 1.6901 1.6663 1.6439 1.6171
-1.3999 -1.3646 -1.3218 -1.2921 -1.2543 -1.2091 -1.1801
0.1718 0.1774 0.1930 0.1990 0.2060 0.2174 0.2185
Columns 57 through 63
57.0000 58.0000 59.0000 60.0000 61.0000 62.0000 63.0000
71.6283 72.8849 74.1416 75.3982 76.6549 77.9115 79.1681
-0.0009 -0.0009 -0.0009 -0.0008 -0.0008 -0.0008 -0.0008
-0.0011 -0.0011 -0.0011 -0.0010 -0.0010 -0.0010 -0.0010
-0.0010 -0.0010 -0.0010 -0.0009 -0.0009 -0.0009 -0.0009
0.0116 0.0110 0.0106 0.0102 0.0099 0.0095 0.0091
-0.0123 -0.0119 -0.0116 -0.0114 -0.0110 -0.0108 -0.0105
-0.0004 -0.0005 -0.0005 -0.0006 -0.0006 -0.0007 -0.0007
1.5929 1.5572 1.5407 1.5166 1.4910 1.4722 1.4499
-1.1522 -1.1173 -1.0857 -1.0686 -1.0608 -1.0473 -1.0398
0.2203 0.2200 0.2275 0.2240 0.2151 0.2125 0.2051
Columns 64 through 70
64.0000 65.0000 66.0000 67.0000 68.0000 69.0000 70.0000
80.4248 81.6814 82.9380 84.1947 85.4513 86.7080 87.9646
-0.0008 -0.0008 -0.0008 -0.0008 -0.0008 -0.0007 -0.0007
-0.0010 -0.0009 -0.0009 -0.0009 -0.0009 -0.0009 -0.0009
-0.0009 -0.0009 -0.0009 -0.0008 -0.0008 -0.0008 -0.0008
0.0089 0.0084 0.0082 0.0079 0.0076 0.0074 0.0071
-0.0101 -0.0099 -0.0096 -0.0094 -0.0091 -0.0089 -0.0087
-0.0006 -0.0007 -0.0007 -0.0007 -0.0008 -0.0008 -0.0008
1.4250 1.4006 1.3794 1.3586 1.3340 1.3161 1.2972
-1.0235 -1.0125 -1.0098 -0.9991 -0.9936 -0.9779 -0.9719
0.2008 0.1941 0.1848 0.1798 0.1702 0.1691 0.1626
Columns 71 through 77
71.0000 72.0000 73.0000 74.0000 75.0000 76.0000 77.0000
89.2212 90.4779 91.7345 92.9911 94.2478 95.5044 96.7611
-0.0007 -0.0007 -0.0007 -0.0007 -0.0007 -0.0007 -0.0006
-0.0008 -0.0008 -0.0008 -0.0008 -0.0008 -0.0008 -0.0007
-0.0008 -0.0008 -0.0007 -0.0007 -0.0007 -0.0007 -0.0007
0.0069 0.0067 0.0064 0.0063 0.0061 0.0058 0.0056
-0.0084 -0.0082 -0.0080 -0.0078 -0.0076 -0.0074 -0.0073
-0.0008 -0.0008 -0.0008 -0.0008 -0.0008 -0.0008 -0.0008
1.2747 1.2614 1.2340 1.2174 1.2046 1.1882 1.1658
-0.9606 -0.9513 -0.9423 -0.9365 -0.9233 -0.9154 -0.8983
0.1571 0.1551 0.1458 0.1405 0.1407 0.1364 0.1338













Columns 1 through '7
1.0000 2.0000 3.0000 4.0000 5.0000 6.0000 7.0000
1.2566 2.5133 3.7699 5.0265 6.2832 7.5398 8.7965
0.0093 0.0094 0.0098 0.0099 0.0104 0.0110 0.0114
-0.0093 -0.0094 -0.0094 -0.0098 -0.0098 -0.0100 -0.0102
C-21
0.0000 0.0000 0.0002 0.0000 0.0003 0.0005 0.0006
0.0116 0.0239 0.0360 0.0483 0.0622 0.0741 0.0856
-0.0116 -0.0234 -0.0358 -0.0511 -0.0636 -0.0810 -0.1004
0.0000 0.0003 0.0001 -0.0014 -0.0007 -0.0035 -0.0074
0.0191 0.0796 0.1849 0.3107 0.4954 0.7254 1.0864
-0.0143 -0.0594 -0.1497 -0.2566 -0.4741 -0.7442 -1.0690
0.0024 0.0101 0.0176 0.0270 0.0106 -0.0094 0.0087
Columns 8 through 14
8.0000 9.0000 10.0000 11.0000 12.0000 13.0000 14.0000
10.0531 11.3097 12.5664 13.8230 15.0796 16.3363 17.5929
0.0110 0.0117 0.0132 0.0132 0.0127 0.0118 0.0108
-0.0103 -0.0111 -0.0119 -0.0126 -0.0131 -0.0132 -0.0131
0.0003 0.0003 0.0007 0.0003 -0.0002 -0.0007 -0.0012
0.0946 0.1189 0.1415 0.1522 0.1470 0.1611 0.2022
-0.1184 -0.1418 -0.1802 -0.2066 -0.2237 -0.2332 -0.2358
-0.0119 -0.0115 -0.0193 -0.0272 -0.0384 -0.0360 -0.0168
1.5987 2.0164 3.0821 4.3797 5.6089 6.7285 7.6837
-1.3495 -1.6940 -2.4550 -2.9895 -3.4058 -3.7300 -3.9300
0.1246 0.1612 0.3136 0.6951 1.1016 1.4992 1.8768
Columns 15 through 21
15.0000 16.0000 17.0000 18.0000 19.0000 20.0000 21.0000
18.8496 20.1062 21.3628 22.6195 23.8761 25.1327 26.3894
0.0098 0.0090 0.0085 0.0084 0.0086 0.0091 0.0095
-0.0128 -0.0125 -0.0122 -0.0120 -0.0118 -0.0116 -0.0114
-0.0015 -0.0018 -0.0019 -0.0018 -0.0016 -0.0013 -0.0010
0.2376 0.2678 0.2938 0.3168 0.3374 0.3558 0.3722
-0.2341 -0.2316 -0.2305 -0.2311 -0.2333 -0.2367 -0.2409
0.0018 0.0181 0.0317 0.0429 0.0520 0.0595 0.0656
8.4643 9.1331 9.7552 10.3575 10.9574 11.5571 12.1520
-4.0042 -4.6511 -5.9688 -7.3330 -8.7326 -10.1575 -11.5727
2.2301 2.2410 1.8932 1.5122 1.1124 0.6998 0.2897
Columns 22 through 28
22.0000 23.0000 24.0000 25.0000 26.0000 27.0000 28.0000
27.6460 28.9027 30.1593 31.4159 32.6726 33.9292 35.1858
0.0097 0.0099 0.0100 0.0101 0.0100 0.0099 0.0098
-0.0113 -0.0111 -0.0108 -0.0106 -0.0103 -0.0100 -0.0097
-0.0008 -0.0006 -0.0004 -0.0003 -0.0001 0.0000 0.0000
0.3865 0.3986 0.4085 0.4160 0.4214 0.4247 0.4260
-0.2457 -0.2506 -0.2556 -0.2604 -0.2650 -0.2693 -0.2732
0.0704 0.0740 0.0764 0.0778 0.0782 0.0777 0.0764
12.7304 13.2847 13.7960 14.2676 14.6939 15.0540 15.3707
-12.9271 ■-14.1859 -15.4214 -16.4692 -17.5344 -18.5155 -19.4116
-0.0984 -0.4506 -0.8127 -1.1008 -1.4202 -1.7307 -2.0204
Columns 29 through 35
29.0000 30.0000 31.0000 32.0000 33.0000 34.0000 35.0000
36.4425 37.6991 38.9557 40.2124 41.4690 42.7257 43.9823
0.0096 0.0094 0.0092 0.0090 0.0087 0.0085 0.0083
-0.0094 -0.0091 -0.0088 -0.0085 -0.0082 -0.0079 -0.0077
0.0001 0.0002 0.0002 0.0002 0.0003 0.0003 0.0003
0.4256 0.4242 0.4216 0.4187 0.4155 0.4122 0.4091
-0.2769 -0.2803 -0.2837 -0.2871 -0.2904 -0.2937 -0.2972
0.0744 0.0719 0.0689 0.0658 0.0625 0.0592 0.0560
15.6214 15.8454 16.0246 16.1868 16.3443 16.4830 16.6361
-20.1314 -20.8775 -21.3429 -21.8873 -22.5433 -23.0066 -23.5846
-2.2550 -2.5161 -2.6592 -2.8502 -3.0995 -3.2618 -3.4743
Columns 36 through 42
36.0000 37.0000 38.0000 39.0000 40.0000 41.0000 42.0000
45.2389 46.4956 47.7522 49.0088 50.2655 51.5221 52.7788
0.0081 0.0079 0.0077 0.0075 0.0073 0.0071 0.0069
-0.0074 -0.0072 -0.0070 -0.0068 -0.0066 -0.0065 -0.0063
0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003
0.4062 0.4033 0.4005 0.3978 0.3948 0.3916 0.3880
-0.3006 -0.3040 -0.3070 -0.3097 -0.3119 -0.3136 -0.3147
0.0528 0.0496 0.0467 0.0440 0.0415 0.0390 0.0367
16.7917 16.9634 17.1470 17.3246 17.5153 17.6913 17.8612
-24.1661 --24.4575 -24.9567 -25.3625 -25.9122 -26.2346 -26.5018
-3.6872 -3.7471 -3.9048 -4.0189 -4.1984 -4.2717 -4.3203
C -22
Columns 43 through 49
4 3 . 0 0 0 0 4 4 . 0 0 0 0 4 5 . 0 0 0 0 4 6 . 0 0 0 0 4 7 . 0 0 0 0 4 8 . 0 0 0 0 4 9 . 0 0 0 0
5 4 . 0 3 5 4 5 5 . 2 9 2 0 5 6 . 5 4 8 7 5 7 . 8 0 5 3 5 9 . 0 6 1 9 6 0 . 3 1 8 6 6 1 . 5 7 5 2
0 . 0 0 6 8 0 . 0 0 6 6 0 . 0 0 6 4 0 . 0 0 6 2 0 . 0 0 6 0 0 . 0 0 5 8 0 . 0 0 5 6
- 0 . 0 0 6 1 - 0 . 0 0 5 9 - 0 . 0 0 5 7 - 0 . 0 0 5 6 - 0 . 0 0 5 4 - 0 . 0 0 5 2 - 0 . 0 0 5 1
0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 3
0 . 3 8 4 3 0 . 3 7 9 8 0 . 3 7 5 1 0 . 3 7 0 3 0 . 3 6 5 0 0 . 3 5 9 7 0 . 3 5 4 1
- 0 . 3 1 4 9 - 0 . 3 1 4 6 - 0 . 3 1 3 9 - 0 . 3 1 2 5 - 0 . 3 1 0 6 - 0 . 3 0 8 2 - 0 . 3 0 5 4
0 . 0 3 4 7 0 . 0 3 2 6 0 . 0 3 0 6 0 . 0 2 8 9 0 . 0 2 7 2 0 . 0 2 5 7 0 . 0 2 4 4
1 8 . 0 4 3 1 1 8 . 1 8 9 3 1 8 . 3 1 9 6 1 8 . 4 4 1 2 1 8 . 5 2 9 5 1 8 . 6 2 0 1 1 8 . 6 9 3 1
- 2 6 . 7 5 5 4  -- 2 7 . 0 3 5 5 - 2 7 . 3 1 8 3 - 2 7 . 4 1 9 0 - 2 7 . 5 6 4 9 - 2 7 . 4 0 0 3 - 2 7 . 6 8 8 6
- 4 . 3 5 6 1 - 4 . 4 2 3 1 - 4 . 4 9 9 3 - 4 . 4 8 8 9 - 4 . 5 1 7 7 - 4 . 3 9 0 1 - 4 . 4 9 7 7
C o lu m n s 50 t h r o u g h 56
5 0 . 0 0 0 0 5 1 . 0 0 0 0 5 2 . 0 0 0 0 5 3 . 0 0 0 0 5 4 . 0 0 0 0 5 5 . 0 0 0 0 5 6 . 0 0 0 0
6 2 . 8 3 1 9 6 4 . 0 8 8 5 6 5 . 3 4 5 1 6 6 . 6 0 1 8 6 7 . 8 5 8 4 6 9 . 1 1 5 0 7 0 . 3 7 1 7
0 . 0 0 5 4 0 . 0 0 5 2 0 . 0 0 5 1 0 . 0 0 4 9 0 . 0 0 4 7 0 . 0 0 4 6 0 . 0 0 4 4
- 0 . 0 0 4 9 - 0 . 0 0 4 7 - 0 . 0 0 4 6 - 0 . 0 0 4 4 - 0 . 0 0 4 3 - 0 . 0 0 4 1 - 0 . 0 0 4 0
0 . 0 0 0 3 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2
0 . 3 4 8 6 0 . 3 4 2 7 0 . 3 3 7 1 0 . 3 3 1 2 0 . 3 2 5 6 0 . 3 1 9 9 0 . 3 1 4 6
- 0 . 3 0 2 6 - 0 . 2 9 9 3 - 0 . 2 9 6 0 - 0 . 2 9 2 4 - 0 . 2 8 8 8 - 0 . 2 8 5 1 - 0 . 2 8 1 3
0 . 0 2 3 0 0 . 0 2 1 7 0 . 0 2 0 5 0 . 0 1 9 4 0 . 0 1 8 4 0 . 0 1 7 4 0 . 0 1 6 6
1 8 . 7 4 7 7 1 8 . 8 0 8 7 1 8 . 8 5 0 6 1 8 . 8 7 5 3 1 8 . 9 1 6 2 1 8 . 9 3 6 2 1 8 . 9 4 7 3
- 2 7 . 6 7 0 9  ■- 2 7 . 4 9 8 4 - 2 7 . 6 3 3 3 - 2 7 . 6 3 6 0 - 2 7 . 5 9 5 0 - 2 7 . 4 4 3 3 - 2 7 . 4 6 1 4
- 4 . 4 6 1 6 - 4 . 3 4 4 9 - 4 . 3 9 1 3 - 4 . 3 8 0 4 - 4 . 3 3 9 4 - 4 . 2 5 3 6 - 4 . 2 5 7 0
C o lu m n s 57 t h r o u g h 63
5 7 . 0 0 0 0 5 8 . 0 0 0 0 5 9 . 0 0 0 0 6 0 . 0 0 0 0 6 1 . 0 0 0 0 6 2 . 0 0 0 0 6 3 . 0 0 0 0
7 1 . 6 2 8 3 7 2 . 8 8 4 9 7 4 . 1 4 1 6 7 5 . 3 9 8 2 7 6 . 6 5 4 9 7 7 . 9 1 1 5 7 9 . 1 6 8 1
0 . 0 0 4 3 0 . 0 0 4 1 0 . 0 0 4 0 0 . 0 0 3 9 0 . 0 0 3 7 0 . 0 0 3 6 0 . 0 0 3 5
- 0 . 0 0 3 9 - 0 . 0 0 3 8 - 0 . 0 0 3 6 - 0 . 0 0 3 5 - 0 . 0 0 3 4 - 0 . 0 0 3 3 - 0 . 0 0 3 2
0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2
0 . 3 0 9 0 0 . 3 0 3 5 0 . 2 9 8 3 0 . 2 9 3 3 0 . 2 8 8 2 0 . 2 8 3 3 0 . 2 7 8 7
- 0 . 2 7 7 6 - 0 . 2 7 3 7 - 0 . 2 7 0 0 - 0 . 2 6 6 3 - 0 . 2 6 2 5 - 0 . 2 5 8 9 - 0 . 2 5 5 2
0 . 0 1 5 7 0 . 0 1 4 9 0 . 0 1 4 1 0 . 0 1 3 5 0 . 0 1 2 8 0 . 0 1 2 2 0 . 0 1 1 7
1 8 . 9 6 4 5 1 8 . 9 6 7 6 1 8 . 9 6 6 4 1 8 . 9 6 8 1 1 8 . 9 6 9 8 1 8 . 9 7 2 4 1 8 . 9 6 5 5
- 2 7 . 3 6 0 5  ■- 2 7 . 2 0 8 1 - 2 7 . 1 3 2 1 - 2 7 . 0 4 2 5 - 2 6 . 8 8 8 5 - 2 6 . 8 7 4 2 - 2 6 . 7 6 1 8
- 4 . 1 9 8 0 - 4 . 1 2 0 2 - 4 . 0 8 2 8 - 4 . 0 3 7 2 - 3 . 9 5 9 4 - 3 . 9 5 0 9 - 3 . 8 9 8 2
C o lu m n s 64 t h r o u g h 70
6 4 . 0 0 0 0 6 5 . 0 0 0 0 6 6 . 0 0 0 0 6 7 . 0 0 0 0 6 8 . 0 0 0 0 6 9 . 0 0 0 0 7 0 . 0 0 0 0
8 0 . 4 2 4 8 8 1 . 6 8 1 4 8 2 . 9 3 8 0 8 4 . 1 9 4 7 8 5 . 4 5 1 3 8 6 . 7 0 8 0 8 7 . 9 6 4 6
0 . 0 0 3 4 0 . 0 0 3 3 0 . 0 0 3 2 0 . 0 0 3 1 0 . 0 0 3 0 0 . 0 0 2 9 0 . 0 0 2 8
- 0 . 0 0 3 1 - 0 . 0 0 3 0 - 0 . 0 0 2 9 - 0 . 0 0 2 8 - 0 . 0 0 2 8 - 0 . 0 0 2 7 - 0 . 0 0 2 6
0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1
0 . 2 7 4 0 0 . 2 6 9 3 0 . 2 6 5 1 0 . 2 6 0 6 0 . 2 5 6 7 0 . 2 5 2 7 0 . 2 4 8 5
- 0 . 2 5 1 7 - 0 . 2 4 8 2 - 0 . 2 4 4 7 - 0 . 2 4 1 4 - 0 . 2 3 8 0 - 0 . 2 3 4 7 - 0 . 2 3 1 6
0 . 0 1 1 2 0 . 0 1 0 5 0 . 0 1 0 2 0 . 0 0 9 6 0 . 0 0 9 3 0 . 0 0 9 0 0 . 0 0 8 5
1 8 . 9 5 1 4 1 8 . 9 3 9 3 1 8 . 9 3 7 5 1 8 . 9 2 0 4 1 8 . 9 2 0 8 1 8 . 9 1 0 3 1 8 . 9 1 0 2
- 2 6 . 6 3 3 0 - 2 6 . 2 9 3 4 - 2 6 . 5 4 3 7 - 2 6 . 3 6 5 5 - 2 6 . 2 0 1 2 - 2 6 . 2 0 6 0 - 2 6 . 1 7 7 6
- 3 . 8 4 0 8 - 3 . 6 7 7 0 - 3 . 8 0 3 1 - 3 . 7 2 2 5 - 3 . 6 4 0 2 - 3 . 6 4 7 8 - 3 . 6 3 3 7
C o lu m n s 7 1 t h r o u g h 77
7 1 . 0 0 0 0 7 2 . 0 0 0 0 7 3 . 0 0 0 0 7 4 . 0 0 0 0 7 5 . 0 0 0 0 7 6 . 0 0 0 0 7 7 . 0 0 0 0
8 9 . 2 2 1 2 9 0 . 4 7 7 9 9 1 . 7 3 4 5 9 2 . 9 9 1 1 9 4 . 2 4 7 8 9 5 . 5 0 4 4 9 6 . 7 6 1 1
0 . 0 0 2 8 0 . 0 0 2 7 0 . 0 0 2 6 0 . 0 0 2 5 0 . 0 0 2 5 0 . 0 0 2 4 0 . 0 0 2 3
- 0 . 0 0 2 5 - 0 . 0 0 2 5 - 0 . 0 0 2 4 - 0 . 0 0 2 3 - 0 . 0 0 2 3 - 0 . 0 0 2 2 - 0 . 0 0 2 2
0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1
0 . 2 4 4 6 0 . 2 4 1 0 0 . 2 3 7 1 0 . 2 3 3 7 0 . 2 3 0 2 0 . 2 2 7 0 0 . 2 2 3 6
- 0 . 2 2 8 5 - 0 . 2 2 5 4 - 0 . 2 2 2 3 - 0 . 2 1 9 5 - 0 . 2 1 6 6 - 0 . 2 1 3 8 - 0 . 2 1 1 2
0 . 0 0 8 0 0 . 0 0 7 8 0 . 0 0 7 4 0 . 0 0 7 1 0 . 0 0 6 8 0 . 0 0 6 6 0 . 0 0 6 2
1 8 . 8 9 4 2 1 8 . 8 8 6 5 1 8 . 8 7 0 5 1 8 . 8 6 3 8 1 8 . 8 6 4 9 1 8 . 8 4 5 9 1 8 . 8 3 9 1
- 2 6 . 0 6 8 7  •- 2 5 . 8 3 9 7 - 2 5 . 7 8 7 1 - 2 5 . 7 8 8 5 - 2 5 . 6 3 6 2 - 2 5 . 5 3 8 0 - 2 5 . 4 8 9 8
- 3 . 5 8 7 2 - 3 . 4 7 6 6 - 3 . 4 5 8 3 - 3 . 4 6 2 4 - 3 . 3 8 5 7 - 3 . 3 4 6 0 - 3 . 3 2 5 4
C o lu m n s 78 t h r o u g h 80
7 8 . 0 0 0 0 7 9 . 0 0 0 0 8 0 . 0 0 0 0
9 8 . 0 1 7 7 9 9 . 2 7 4 3 1 0 0 . 5 3 1 0
0 . 0 0 2 3 0 . 0 0 2 2 0 . 0 0 2 2
- 0 . 0 0 2 1 - 0 . 0 0 2 0 - 0 . 0 0 2 0
C -23
0.0001 0.0001 0.0001
0 . 2 2 0 5  0 . 2 1 7 5  0 . 2 1 4 4
- 0 . 2 0 8 2  - 0 . 2 0 5 6  - 0 . 2 0 3 2
0 . 0 0 6 1  0 . 0 0 5 9  0 . 0 0 5 6
1 8 . 8 3 9 6  1 8 . 8 2 2 8  1 8 . 8 1 8 9
- 2 5 . 1 9 5 6  - 2 5 . 3 3 0 6  - 2 5 . 2 5 9 1
- 3 . 1 7 8 0  - 3 . 2 5 3 9  - 3 . 2 2 0 1
amp6 =
C o lu m n s 1  t h r o u g h  7
1 . 0 0 0 0 2 . 0 0 0 0 3 . 0 0 0 0 4 . 0 0 0 0 5 . 0 0 0 0 6 . 0 0 0 0 7 . 0 0 0 0
1 . 2 5 6 6 2 . 5 1 3 3 3 . 7 6 9 9 5 . 0 2 6 5 6 . 2 8 3 2 7 . 5 3 9 8 8 . 7 9 6 5
0 . 0 0 9 1 0 . 0 0 9 0 0 . 0 0 8 9 0 . 0 0 9 1 0 . 0 0 9 5 0 . 0 0 9 7 0 . 0 1 0 0
- 0 . 0 0 9 1 - 0 . 0 0 9 0 - 0 . 0 0 9 2 - 0 . 0 0 9 1 - 0 . 0 0 9 4 - 0 . 0 0 9 5 - 0 . 0 0 9 8
0 . 0 0 0 0 0 . 0 0 0 0 - 0 . 0 0 0 1 0 . 0 0 0 0 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1
0 . 0 1 1 4 0 . 0 2 3 0 0 . 0 3 6 6 0 . 0 4 9 1 0 . 0 6 0 4 0 . 0 7 1 9 0 . 0 8 7 2
- 0 . 0 1 1 4 - 0 . 0 2 3 2 - 0 . 0 3 4 9 - 0 . 0 4 4 0 - 0 . 0 5 6 5 - 0 . 0 7 3 5 - 0 . 0 8 9 1
0 . 0 0 0 0 - 0 . 0 0 0 1 0 . 0 0 0 9 0 . 0 0 2 5 0 . 0 0 2 0 - 0 . 0 0 0 8 - 0 . 0 0 1 0
0 . 0 1 5 8 0 . 0 5 7 1 0 . 1 3 3 0 0 . 2 2 7 8 0 . 3 8 9 4 0 . 5 4 2 1 0 . 7 2 2 8
- 0 . 0 1 4 3 - 0 . 0 5 8 2 - 0 . 1 2 1 7 - 0 . 2 3 2 8 - 0 . 4 1 3 0 - 0 . 5 8 1 3 - 0 . 8 5 5 2
0 . 0 0 0 7 - 0 . 0 0 0 6 0 . 0 0 5 6 - 0 . 0 0 2 5 - 0 . 0 1 1 8 - 0 . 0 1 9 6 - 0 . 0 6 6 2
C o lu m n s 8 t h r o u g h  14
8 . 0 0 0 0 9 . 0 0 0 0 1 0 . 0 0 0 0 1 1 . 0 0 0 0 1 2 . 0 0 0 0 1 3 . 0 0 0 0 1 4 . 0 0 0 0
1 0 . 0 5 3 1 1 1 . 3 0 9 7 1 2 . 5 6 6 4 1 3 . 8 2 3 0 1 5 . 0 7 9 6 1 6 . 3 3 6 3 1 7 . 5 9 2 9
0 . 0 1 0 4 0 . 0 1 0 7 0 . 0 1 1 4 0 . 0 1 2 3 0 . 0 1 2 9 0 . 0 1 3 1 0 . 0 1 2 9
- 0 . 0 1 0 1 - 0 . 0 1 0 8 - 0 . 0 1 1 6 - 0 . 0 1 2 0 - 0 . 0 1 2 4 - 0 . 0 1 3 2 - 0 , 0 1 3 8
0 . 0 0 0 1 0 . 0 0 0 0 - 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 2 - 0 . 0 0 0 1 - 0 . 0 0 0 5
0 . 1 0 3 9 0 . 1 1 7 6 0 . 1 4 8 1 0 . 1 6 9 9 0 . 1 8 4 1 0 . 1 9 2 6 0 . 1 9 3 4
- 0 . 1 0 4 8 - 0 . 1 2 3 2 - 0 . 1 3 9 4 - 0 . 1 7 2 7 - 0 . 2 0 1 8 - 0 . 2 2 7 7 - 0 . 2 4 8 0
- 0 . 0 0 0 5 - 0 . 0 0 2 8 0 . 0 0 4 4 - 0 . 0 0 1 4 - 0 . 0 0 8 8 - 0 . 0 1 7 5 - 0 . 0 2 7 3
0 . 9 5 3 1 1 . 4 8 5 8 1 . 8 5 2 9 2 . 2 2 9 8 2 . 9 3 3 2 4 . 3 2 2 3 5 . 6 6 7 2
- 1 . 1 4 1 1 - 1 . 4 1 6 2 - 1 . 7 6 4 6 - 2 . 4 3 8 4 - 3 . 1 2 3 9 - 3 . 7 6 1 9 - 4 . 2 9 5 1
- 0 . 0 9 4 0 0 . 0 3 4 8 0 . 0 4 4 2 - 0 . 1 0 4 3 - 0 . 0 9 5 4 0 . 2 8 0 2 0 . 6 8 6 1
C o lu m n s 1 5 t h r o u g h 2 1
1 5 . 0 0 0 0 1 6 . 0 0 0 0 1 7 . 0 0 0 0 1 8 . 0 0 0 0 1 9 . 0 0 0 0 2 0 . 0 0 0 0 2 1 . 0 0 0 0
1 8 . 8 4 9 6 2 0 . 1 0 6 2 2 1 . 3 6 2 8 2 2 . 6 1 9 5 2 3 . 8 7 6 1 2 5 . 1 3 2 7 2 6 . 3 8 9 4
0 . 0 1 2 5 0 . 0 1 2 1 0 . 0 1 1 8 0 . 0 1 1 8 0 . 0 1 1 9 0 . 0 1 2 1 0 . 0 1 2 5
- 0 . 0 1 4 2 - 0 . 0 1 4 3 - 0 . 0 1 4 4 - 0 . 0 1 4 3 - 0 . 0 1 4 3 - 0 . 0 1 4 3 - 0 . 0 1 4 3
- 0 . 0 0 0 8 - 0 . 0 0 1 1 - 0 . 0 0 1 3 - 0 . 0 0 1 3 - 0 . 0 0 1 2 - 0 . 0 0 1 1 - 0 . 0 0 0 9
0 . 2 2 4 3 0 . 2 6 5 5 0 . 3 0 3 7 0 . 3 3 8 3 0 . 3 6 9 9 0 . 3 9 9 2 0 . 4 2 6 6
- 0 . 2 6 2 0 - 0 . 2 7 2 1 - 0 . 2 8 1 0 - 0 . 2 9 0 2 - 0 . 3 0 0 7 - 0 . 3 1 2 5 - 0 . 3 2 5 7
- 0 . 0 1 8 8 - 0 . 0 0 3 3 0 . 0 1 1 4 0 . 0 2 4 0 0 . 0 3 4 6 0 . 0 4 3 3 0 . 0 5 0 4
6 . 8 8 6 3 7 . 9 6 7 0 8 . 9 4 7 0 9 . 8 6 8 6 1 0 . 7 7 1 2 1 1 . 6 8 0 7 1 2 . 5 9 8 0
- 4 . 6 7 3 6 - 4 . 9 2 2 5 - 5 . 0 9 8 1 - 6 . 2 5 8 7 - 7 . 9 7 0 8 - 9 . 7 1 6 3 - 1 1 . 5 0 6 9
1 . 1 0 6 3 1 . 5 2 2 2 1 . 9 2 4 5 1 . 8 0 5 0 1 . 4 0 0 2 0 . 9 8 2 2 0 . 5 4 5 6
C o lu m n s 22 t h r o u g h 28
2 2 . 0 0 0 0 2 3 . 0 0 0 0 2 4 . 0 0 0 0 2 5 . 0 0 0 0 2 6 . 0 0 0 0 2 7 . 0 0 0 0 2 8 . 0 0 0 0
2 7 . 6 4 6 0 2 8 . 9 0 2 7 3 0 . 1 5 9 3 3 1 . 4 1 5 9 3 2 . 6 7 2 6 3 3 . 9 2 9 2 3 5 . 1 8 5 8
0 . 0 1 2 8 0 . 0 1 3 2 0 . 0 1 3 5 0 . 0 1 3 7 0 . 0 1 3 9 0 . 0 1 4 0 0 . 0 1 4 0
- 0 . 0 1 4 3 - 0 . 0 1 4 3 - 0 . 0 1 4 2 - 0 . 0 1 4 2 - 0 . 0 1 4 1 - 0 . 0 1 4 0 - 0 . 0 1 3 8
- 0 . 0 0 0 7 - 0 . 0 0 0 5 - 0 . 0 0 0 4 - 0 . 0 0 0 2 - 0 . 0 0 0 1 0 . 0 0 0 0 0 . 0 0 0 1
0 . 4 5 2 5 0 . 4 7 6 7 0 . 4 9 9 1 0 . 5 1 9 5 0 . 5 3 7 6 0 . 5 5 3 4 0 . 5 6 6 6
- 0 . 3 4 0 1 - 0 . 3 5 5 3 - 0 . 3 7 0 9 - 0 . 3 8 6 6 - 0 . 4 0 2 0 - 0 . 4 1 6 7 - 0 . 4 3 0 3
0 . 0 5 6 2 0 . 0 6 0 7 0 . 0 6 4 1 0 . 0 6 6 4 0 . 0 6 7 8 0 . 0 6 8 4 0 . 0 6 8 1
1 3 . 5 3 5 2 1 4 . 4 8 2 7 1 5 . 4 2 6 2 1 6 . 3 6 4 8 1 7 . 2 8 9 6 1 8 . 1 7 1 5 1 9 . 0 0 8 5
- 1 3 . 2 8 2 4 - 1 5 . 0 5 9 4 - 1 6 . 8 8 4 0 - 1 8 . 5 8 2 9 - 2 0 . 2 2 9 2 - 2 1 . 9 1 7 7 - 2 3 . 5 1 9 6
0 . 1 2 6 4 - 0 . 2 8 8 4 - 0 . 7 2 8 9 - 1 . 1 0 9 0 - 1 . 4 6 9 8 - 1 . 8 7 3 1 - 2 . 2 5 5 5
C o lu m n s 29 t h r o u g h 35
2 9 . 0 0 0 0 3 0 . 0 0 0 0 3 1 . 0 0 0 0 3 2 . 0 0 0 0 3 3 . 0 0 0 0
3 4 . 0 0 0 0 3 5 . 0 0 0 0
3 6 . 4 4 2 5 3 7 . 6 9 9 1 3 8 . 9 5 5 7 4 0 . 2 1 2 4 4 1 . 4 6 9 0 4 2 . 7 2 5 7
4 3 . 9 8 2 3
0 . 0 1 3 9 0 . 0 1 3 8 0 . 0 1 3 6 0 . 0 1 3 3 0 . 0 1 3 0 0 . 0 1 2 7 0 . 0 1 2 3
- 0 . 0 1 3 6 - 0 . 0 1 3 3 - 0 . 0 1 3 0 - 0 . 0 1 2 7 - 0 . 0 1 2 4 - 0 . 0 1 2 0 - 0 . 0 1 1 6
0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 4 0 . 0 0 0 4
0 . 5 7 6 9 0 . 5 8 4 5 0 . 5 8 9 2 0 . 5 9 1 3 0 . 5 9 1 0 0 . 5 8 8 2 0 . 5 8 3 3
- 0 . 4 4 2 4 - 0 . 4 5 2 9 - 0 . 4 6 1 5 - 0 . 4 6 8 1 - 0 . 4 7 2 6 - 0 . 4 7 5 1
- 0 . 4 7 5 7
0 . 0 6 7 2 0 . 0 6 5 8 0 . 0 6 3 9 0 . 0 6 1 6 0 . 0 5 9 2 0 . 0 5 6 5 0 . 0 5 3 8
1 9 . 7 8 6 5 2 0 . 5 0 6 0 2 1 . 1 5 6 0 2 1 . 7 1 9 8 2 2 . 2 1 6 2 2 2 . 6 3 0 9 2 2 . 9 7 4 5
C -24
- 2 4 . 9 7 1 6  - - 2 6 . 4 6 9 3 - 2 7 . 6 0 2 7 - 2 8 . 6 2 2 7 - 2 9 . 6 2 7 2 - 3 0 . 4 7 1 9 - 3 1 . 0 5 8 8
- 2 . 5 9 2 5 - 2 . 9 8 1 6 - 3 . 2 2 3 3 - 3 . 4 5 1 5 - 3 . 7 0 5 5 - 3 . 9 2 0 5 - 4 . 0 4 2 1
C o lu m n s 36 t h r o u g h 42
3 6 . 0 0 0 0 3 7 . 0 0 0 0 3 8 . 0 0 0 0 3 9 . 0 0 0 0 4 0 . 0 0 0 0 4 1 . 0 0 0 0 4 2 . 0 0 0 0
4 5 . 2 3 8 9 4 6 . 4 9 5 6 4 7 . 7 5 2 2 4 9 . 0 0 8 8 5 0 . 2 6 5 5 5 1 . 5 2 2 1 5 2 . 7 7 8 8
0 . 0 1 1 9 0 . 0 1 1 5 0 . 0 1 1 0 0 . 0 1 0 6 0 . 0 1 0 1 0 . 0 0 9 7 0 . 0 0 9 2
- 0 . 0 1 1 2 - 0 . 0 1 0 7 - 0 . 0 1 0 3 - 0 . 0 0 9 9 - 0 . 0 0 9 5 - 0 . 0 0 9 0 - 0 . 0 0 8 6
0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 3
0 . 5 7 6 4 0 . 5 6 7 9 0 . 5 5 8 0 0 . 5 4 6 8 0 . 5 3 4 9 0 . 5 2 2 2 0 . 5 0 9 2
- 0 . 4 7 4 2 - 0 . 4 7 1 3 - 0 . 4 6 6 7 - 0 . 4 6 0 9 - 0 . 4 5 3 9 - 0 . 4 4 6 0 - 0 . 4 3 7 7
0 . 0 5 1 1 0 . 0 4 8 3 0 . 0 4 5 6 0 . 0 4 3 0 0 . 0 4 0 5 0 . 0 3 8 1 0 . 0 3 5 7
2 3 . 2 3 7 5 2 3 . 4 4 5 3 2 3 . 5 7 5 6 2 3 . 6 4 5 4 2 3 . 6 7 4 7 2 3 . 6 3 9 8 2 3 . 5 8 6 4
- 3 1 . 8 0 5 1  -- 3 2 . 1 8 4 3 - 3 2 . 2 9 4 5 - 3 2 . 6 0 2 2 - 3 2 . 6 4 4 8 - 3 2 . 4 8 4 4 - 3 2 . 5 0 5 7
- 4 . 2 8 3 8 - 4 . 3 6 9 5 - 4 . 3 5 9 5 - 4 . 4 7 8 4 - 4 . 4 8 5 1 - 4 . 4 2 2 3 - 4 . 4 5 9 7
C o lu m n s 43 t h r o u g h 49
4 3 . 0 0 0 0 4 4 . 0 0 0 0 4 5 . 0 0 0 0 4 6 . 0 0 0 0 4 7 . 0 0 0 0 4 8 . 0 0 0 0 4 9 . 0 0 0 0
5 4 . 0 3 5 4 5 5 . 2 9 2 0 5 6 . 5 4 8 7 5 7 . 8 0 5 3 5 9 . 0 6 1 9 6 0 . 3 1 8 6 6 1 . 5 7 5 2
0 . 0 0 8 8 0 . 0 0 8 4 0 . 0 0 8 0 0 . 0 0 7 6 0 . 0 0 7 3 0 . 0 0 7 0 0 . 0 0 6 6
- 0 . 0 0 8 2 - 0 . 0 0 7 9 - 0 . 0 0 7 5 - 0 . 0 0 7 2 - 0 . 0 0 6 8 - 0 . 0 0 6 5 - 0 . 0 0 6 2
0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2
0 . 4 9 6 0 0 . 4 8 2 9 0 . 4 6 9 7 0 . 4 5 6 9 0 . 4 4 4 4 0 . 4 3 2 2 0 . 4 2 0 5
- 0 . 4 2 8 7 - 0 . 4 1 9 7 - 0 . 4 1 0 4 - 0 . 4 0 1 0 - 0 . 3 9 1 9 - 0 . 3 8 2 9 - 0 . 3 7 4 0
0 . 0 3 3 7 0 . 0 3 1 6 0 . 0 2 9 7 0 . 0 2 7 9 0 . 0 2 6 3 0 . 0 2 4 6 0 . 0 2 3 3
2 3 . 4 9 7 8 2 3 . 3 8 6 2 2 3 . 2 4 0 4 2 3 . 0 9 9 5 2 2 . 9 3 7 8 2 2 . 7 7 7 3 2 2 . 6 2 7 8
- 3 2 . 3 4 3 5  ■- 3 2 . 2 1 1 2 - 3 1 . 9 1 2 4 - 3 1 . 7 2 7 8 - 3 1 . 5 3 8 2 - 3 1 . 0 6 5 2 - 3 0 . 8 1 4 3
- 4 . 4 2 2 8 - 4 . 4 1 2 5 - 4 . 3 3 6 0 - 4 . 3 1 4 1 - 4 . 3 0 0 2 - 4 . 1 4 3 9 - 4 . 0 9 3 2
C o lu m n s 50 t h r o u g h 56
5 0 . 0 0 0 0 5 1 . 0 0 0 0 5 2 . 0 0 0 0 5 3 . 0 0 0 0 5 4 . 0 0 0 0 5 5 . 0 0 0 0 5 6 . 0 0 0 0
6 2 . 8 3 1 9 6 4 . 0 8 8 5 6 5 . 3 4 5 1 6 6 . 6 0 1 8 6 7 . 8 5 8 4 6 9 . 1 1 5 0 7 0 . 3 7 1 7
0 . 0 0 6 3 0 . 0 0 6 1 0 . 0 0 5 8 0 . 0 0 5 6 0 . 0 0 5 3 0 . 0 0 5 1 0 . 0 0 4 9
- 0 . 0 0 6 0 - 0 . 0 0 5 7 - 0 . 0 0 5 5 - 0 . 0 0 5 2 - 0 . 0 0 5 0 - 0 . 0 0 4 8 - 0 . 0 0 4 6
0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 1 0 . 0 0 0 1
0 . 4 0 9 1 0 . 3 9 8 4 0 . 3 8 7 8 0 . 3 7 7 9 0 . 3 6 8 4 0 . 3 5 9 2 0 . 3 5 0 5
- 0 . 3 6 5 4 - 0 . 3 5 7 1 - 0 . 3 4 9 0 - 0 . 3 4 1 2 - 0 . 3 3 3 8 - 0 . 3 2 6 4 - 0 . 3 1 9 6
0 . 0 2 1 8 0 . 0 2 0 7 0 . 0 1 9 4 0 . 0 1 8 3 0 . 0 1 7 3 0 . 0 1 6 4 0 . 0 1 5 5
2 2 . 4 6 1 1 2 2 . 3 0 5 5 2 2 . 1 4 6 9 2 2 . 0 0 5 9 2 1 . 8 5 7 2 2 1 . 7 1 2 2 2 1 . 5 8 0 7
- 3 0 . 8 0 9 9  ■- 3 0 . 5 2 6 8 - 3 0 . 3 0 4 2 - 2 9 . 8 9 0 5 - 2 9 . 6 9 0 9 - 2 9 . 2 4 1 7 - 2 9 . 2 2 3 9
- 4 . 1 7 4 4 - 4 . 1 1 0 6 - 4 . 0 7 8 6 - 3 . 9 4 2 3 - 3 . 9 1 6 8 - 3 . 7 6 4 7 - 3 . 8 2 1 6
C o lu m n s 57 t h r o u g h 63
5 7 . 0 0 0 0 5 8 . 0 0 0 0 5 9 . 0 0 0 0 6 0 . 0 0 0 0 6 1 . 0 0 0 0 6 2 . 0 0 0 0 6 3 . 0 0 0 0
7 1 . 6 2 8 3 7 2 . 8 8 4 9 7 4 . 1 4 1 6 7 5 . 3 9 8 2 7 6 . 6 5 4 9 7 7 . 9 1 1 5 7 9 . 1 6 8 1
0 . 0 0 4 7 0 . 0 0 4 5 0 . 0 0 4 3 0 . 0 0 4 2 0 . 0 0 4 0 0 . 0 0 3 9 0 . 0 0 3 7
- 0 . 0 0 4 4 - 0 . 0 0 4 3 - 0 . 0 0 4 1 - 0 . 0 0 4 0 - 0 . 0 0 3 8 - 0 . 0 0 3 7 - 0 . 0 0 3 5
0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1
0 . 3 4 2 2 0 . 3 3 4 3 0 . 3 2 6 7 0 . 3 1 9 5 0 . 3 1 2 5 0 . 3 0 5 8 0 . 2 9 9 5
- 0 . 3 1 2 9 - 0 . 3 0 6 2 - 0 . 3 0 0 2 - 0 . 2 9 4 3 - 0 . 2 8 8 7 - 0 . 2 8 3 1 - 0 . 2 7 7 8
0 . 0 1 4 6 0 . 0 1 4 0 0 . 0 1 3 2 0 . 0 1 2 6 0 . 0 1 1 9 0 . 0 1 1 4 0 . 0 1 0 8
2 1 . 4 6 5 0 2 1 . 3 4 0 8 2 1 . 2 1 9 5 2 1 . 1 0 3 7 2 0 . 9 9 1 1 2 0 . 8 9 6 3 2 0 . 8 0 6 4
- 2 8 . 8 5 0 9 - 2 8 . 7 9 8 5 - 2 8 . 6 1 9 8 - 2 8 . 3 8 9 1 - 2 8 . 2 5 0 5 - 2 7 . 9 0 9 1 - 2 7 . 7 8 8 1
- 3 . 6 9 2 9 - 3 . 7 2 8 9 - 3 . 7 0 0 2 - 3 . 6 4 2 7 - 3 . 6 2 9 7 - 3 . 5 0 6 4 - 3 . 4 9 0 8
C o lu m n s 64 t h r o u g h 70
6 4 . 0 0 0 0 6 5 . 0 0 0 0 6 6 . 0 0 0 0 6 7 . 0 0 0 0 6 8 . 0 0 0 0 6 9 . 0 0 0 0 7 0 . 0 0 0 0
8 0 . 4 2 4 8 8 1 . 6 8 1 4 8 2 . 9 3 8 0 8 4 . 1 9 4 7 8 5 . 4 5 1 3 8 6 . 7 0 8 0 8 7 . 9 6 4 6
0 . 0 0 3 6 0 . 0 0 3 5 0 . 0 0 3 4 0 . 0 0 3 2 0 . 0 0 3 1 0 . 0 0 3 0 0 . 0 0 2 9
- 0 . 0 0 3 4 - 0 . 0 0 3 3 - 0 . 0 0 3 2 - 0 . 0 0 3 1 - 0 . 0 0 3 0 - 0 . 0 0 2 9 - 0 . 0 0 2 8
0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1
0 . 2 9 3 1 0 . 2 8 7 3 0 . 2 8 1 8 0 . 2 7 6 3 0 . 2 7 1 2 0 . 2 6 6 3 0 . 2 6 1 2
- 0 . 2 7 2 6 - 0 . 2 6 7 6 - 0 . 2 6 3 0 - 0 . 2 5 8 4 - 0 . 2 5 4 0 - 0 . 2 4 9 8 - 0 . 2 4 5 6
0 . 0 1 0 2 0 . 0 0 9 9 0 . 0 0 9 4 0 . 0 0 9 0 0 . 0 0 8 6 0 . 0 0 8 3 0 . 0 0 7 8
2 0 . 7 0 2 6 2 0 . 6 3 2 7 2 0 . 5 4 6 2 2 0 . 4 6 8 5 2 0 . 3 9 5 6 2 0 . 3 2 0 0 2 0 . 2 5 5 3
- 2 7 . 6 4 3 6  •- 2 7 . 4 6 2 6 - 2 7 . 3 0 0 8 - 2 7 . 1 1 3 2 - 2 7 . 0 4 6 1 - 2 6 . 8 4 3 2 - 2 6 . 6 1 5 9
- 3 . 4 7 0 5 - 3 . 4 1 5 0 - 3 . 3 7 7 3 - 3 . 3 2 2 4 - 3 . 3 2 5 3 - 3 . 2 6 1 6 - 3 . 1 8 0 3
C o lu m n s 7 1 t h r o u g h 77
7 1 . 0 0 0 0 7 2 . 0 0 0 0 7 3 . 0 0 0 0 7 4 . 0 0 0 0 7 5 . 0 0 0 0 7 6 . 0 0 0 0 7 7 . 0 0 0 0
8 9 . 2 2 1 2 9 0 . 4 7 7 9 9 1 . 7 3 4 5 9 2 . 9 9 1 1 9 4 . 2 4 7 8 9 5 . 5 0 4 4 9 6 . 7 6 1 1
C -25
0 . 0 0 2 9 0 . 0 0 2 8 0 . 0 0 2 7 0 . 0 0 2 6 0 . 0 0 2 5 0 . 0 0 2 5 0 . 0 0 2 4
- 0 . 0 0 2 7 - 0 . 0 0 2 6 - 0 . 0 0 2 6 - 0 . 0 0 2 5 - 0 . 0 0 2 4 - 0 . 0 0 2 4 - 0 . 0 0 2 3
0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 0
0 . 2 5 6 6 0 . 2 5 2 2 0 . 2 4 7 7 0 . 2 4 3 6 0 . 2 3 9 6 0 . 2 3 5 8 0 . 2 3 1 8
- 0 . 2 4 1 6 - 0 . 2 3 7 7 - 0 . 2 3 4 0 - 0 . 2 3 0 5 - 0 . 2 2 6 9 - 0 . 2 2 3 6 - 0 . 2 2 0 2
0 . 0 0 7 5 0 . 0 0 7 3 0 . 0 0 6 9 0 . 0 0 6 6 0 . 0 0 6 3 0 . 0 0 6 1 0 . 0 0 5 8
2 0 . 1 9 1 8 2 0 . 1 2 4 6 2 0 . 0 8 4 7 2 0 . 0 2 3 5 1 9 . 9 7 8 8 1 9 . 9 2 2 9 1 9 . 8 6 5 7
- 2 6 . 5 3 4 6 - 2 6 . 4 5 9 3 - 2 6 . 1 7 2 7 - 2 6 . 2 3 1 0 - 2 6 . 0 5 9 7 - 2 5 . 7 8 1 2 - 2 5 . 7 3 6 9
- 3 . 1 7 1 4 - 3 . 1 6 7 3 - 3 . 0 4 4 0 - 3 . 1 0 3 7 - 3 . 0 4 0 5 - 2 . 9 2 9 2 - 2 . 9 3 5 6
C o lu m n s 78 t h r o u g h 80
7 8 . 0 0 0 0 7 9 . 0 0 0 0 8 0 . 0 0 0 0
9 8 . 0 1 7 7 9 9 . 2 7 4 3 1 0 0 . 5 3 1 0
0 . 0 0 2 3 0 . 0 0 2 3 0 . 0 0 2 2
- 0 . 0 0 2 2 - 0 . 0 0 2 2 - 0 . 0 0 2 1
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
0 . 2 2 8 4 0 . 2 2 4 8 0 . 2 2 1 6
- 0 . 2 1 6 9 - 0 . 2 1 4 1 - 0 . 2 1 1 0
0 . 0 0 5 7 0 . 0 0 5 4 0 . 0 0 5 3
1 9 . 8 3 9 6 1 9 . 7 8 9 1 1 9 . 7 5 1 2
- 2 5 . 6 7 6 2 - 2 5 . 6 3 8 7 - 2 5 . 4 6 5 9
- 2 . 9 1 8 3 - 2 . 9 2 4 8 - 2 . 8 5 7 3
amp7 =
C o lu m n s 1  t h r o u g h  7
1 . 0 0 0 0 2 . 0 0 0 0 3 . 0 0 0 0 4 . 0 0 0 0 5 . 0 0 0 0 6 . 0 0 0 0 7 . 0 0 0 0
1 . 2 5 6 6 2 . 5 1 3 3 3 . 7 6 9 9 5 . 0 2 6 5 6 . 2 8 3 2 7 . 5 3 9 8 8 . 7 9 6 5
0 . 0 0 9 3 0 . 0 0 9 4 0 . 0 0 9 8 0 . 0 0 9 8 0 . 0 1 0 3 0 . 0 1 0 7 0 . 0 1 1 2
- 0 . 0 0 9 3 - 0 . 0 0 9 4 - 0 . 0 0 9 5 - 0 . 0 0 9 8 - 0 . 0 0 9 9 - 0 . 0 1 0 2 - 0 . 0 1 0 7
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 1 0 . 0 0 0 0 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 3
0 . 0 1 1 6 0 . 0 2 3 9 0 . 0 3 5 9 0 . 0 4 9 0 - 0 . 0 6 2 7 0 . 0 7 5 5 0 . 0 9 0 9
- 0 . 0 1 1 7 - 0 . 0 2 3 3 - 0 . 0 3 5 7 - 0 . 0 5 0 2 - 0 . 0 6 4 2 - 0 . 0 8 1 2 - 0 . 1 0 0 2
0 . 0 0 0 0 0 . 0 0 0 3 0 . 0 0 0 1 - 0 . 0 0 0 6 - 0 . 0 0 0 8 - 0 . 0 0 2 8 - 0 . 0 0 4 7
0 . 0 1 4 9 0 . 0 6 2 9 0 . 1 4 3 4 0 . 2 6 3 5 0 . 3 9 0 9 0 . 6 0 8 3 0 . 8 7 8 2
- 0 . 0 1 4 4 - 0 . 0 6 0 5 - 0 . 1 5 2 0 - 0 . 2 4 4 0 - 0 . 4 2 8 7 - 0 . 6 6 6 2 - 0 . 9 6 3 2
0 . 0 0 0 3 0 . 0 0 1 2 - 0 . 0 0 4 3 0 . 0 0 9 7 - 0 . 0 1 8 9 - 0 . 0 2 8 9 - 0 . 0 4 2 5
C o lu m n s 8 t h r o u g h  14
8 . 0 0 0 0 9 . 0 0 0 0 1 0 . 0 0 0 0 1 1 . 0 0 0 0 1 2 . 0 0 0 0 1 3 . 0 0 0 0 1 4 . 0 0 0 0
1 0 . 0 5 3 1 1 1 . 3 0 9 7 1 2 . 5 6 6 4 1 3 . 8 2 3 0 1 5 . 0 7 9 6 1 6 . 3 3 6 3 1 7 . 5 9 2 9
0 . 0 1 2 1 0 . 0 1 1 5 0 . 0 1 0 2 0 . 0 0 9 8 0 . 0 0 9 5 0 . 0 0 9 1 0 . 0 0 8 6
- 0 . 0 1 1 1 - 0 . 0 1 0 2 - 0 . 0 1 0 3 - 0 . 0 1 0 7 - 0 . 0 1 0 9 - 0 . 0 1 1 0 - 0 . 0 1 1 0
0 . 0 0 0 5 0 . 0 0 0 7 - 0 . 0 0 0 1 - 0 . 0 0 0 4 - 0 . 0 0 0 7 - 0 . 0 0 0 9 - 0 . 0 0 1 2
0 . 1 1 0 5 0 . 1 0 8 3 0 . 1 1 7 4 0 . 1 2 3 8 0 . 1 2 2 8 0 . 1 4 0 7 0 . 1 7 0 9
- 0 . 1 2 4 0 - 0 . 1 3 7 1 - 0 . 1 4 3 5 - 0 . 1 5 5 9 - 0 . 1 6 8 9 - 0 . 1 7 9 8 - 0 . 1 8 7 9
- 0 . 0 0 6 7 - 0 . 0 1 4 4 - 0 . 0 1 3 0 - 0 . 0 1 6 0 - 0 . 0 2 3 0 - 0 . 0 1 9 6 - 0 . 0 0 8 5
1 . 2 9 0 3 2 . 0 7 2 8 2 . 6 6 2 3 3 . 2 9 2 7 3 . 9 6 7 5 4 . 7 1 4 0 5 . 4 7 3 3
- 1 . 3 8 6 4 - 1 . 8 3 3 6 - 2 . 0 0 1 1 - 2 . 2 4 9 9 - 2 . 5 3 7 0 - 2 . 8 5 5 3 - 3 . 1 5 6 4
- 0 . 0 4 8 1 0 . 1 1 9 6 0 . 3 3 0 6 0 . 5 2 1 4 0 . 7 1 5 2 0 . 9 2 9 4 1 . 1 5 8 4
C o lu m n s 1 5 t h r o u g h 2 1
1 5 . 0 0 0 0 1 6 . 0 0 0 0 1 7 . 0 0 0 0 1 8 . 0 0 0 0 1 9 . 0 0 0 0 2 0 . 0 0 0 0 2 1 . 0 0 0 0
1 8 . 8 4 9 6 2 0 . 1 0 6 2 2 1 . 3 6 2 8 2 2 . 6 1 9 5 2 3 . 8 7 6 1 2 5 . 1 3 2 7 2 6 . 3 8 9 4
0 . 0 0 8 0 0 . 0 0 7 6 0 . 0 0 7 6 0 . 0 0 8 1 0 . 0 0 8 7 0 . 0 0 9 2 0 . 0 0 9 7
- 0 . 0 1 0 9 - 0 . 0 1 0 9 - 0 . 0 1 0 8 - 0 . 0 1 0 7 - 0 . 0 1 0 7 - 0 . 0 1 0 7 - 0 . 0 1 0 7
- 0 . 0 0 1 4 - 0 . 0 0 1 6 - 0 . 0 0 1 6 - 0 . 0 0 1 3 - 0 . 0 0 1 0 - 0 . 0 0 0 7 - 0 . 0 0 0 5
0 . 2 0 0 9 0 . 2 2 9 0 0 . 2 5 4 8 0 . 2 7 8 6 0 . 3 0 0 7 0 . 3 2 1 1 0 . 3 4 0 3
- 0 . 1 9 3 9 - 0 . 1 9 8 6 - 0 . 2 0 2 5 - 0 . 2 0 6 3 - 0 . 2 1 0 4 - 0 . 2 1 5 7 - 0 . 2 2 2 7
0 . 0 0 3 5 0 . 0 1 5 2 0 . 0 2 6 2 0 . 0 3 6 2 0 . 0 4 5 1 0 . 0 5 2 7 0 . 0 5 8 8
6 . 1 9 3 5 6 . 8 7 2 6 7 . 5 1 8 3 8 . 1 5 4 3 8 . 7 8 2 8 9 . 4 0 2 9 1 0 . 0 2 6 2
- 3 . 3 4 9 2 - 3 . 5 3 6 1 - 4 . 7 4 5 1 - 6 . 0 1 5 8 - 7 . 3 3 4 1 - 8 . 6 8 4 7 - 1 0 . 0 6 3 6
1 . 4 2 2 1 1 . 6 6 8 2 1 . 3 8 6 6 1 . 0 6 9 3 0 . 7 2 4 3 0 . 3 5 9 1 - 0 . 0 1 8 7
C o lu m n s 22 t h r o u g h 28
2 2 . 0 0 0 0 2 3 . 0 0 0 0 2 4 . 0 0 0 0 2 5 . 0 0 0 0 2 6 . 0 0 0 0 2 7 . 0 0 0 0 2 8 . 0 0 0 0
2 7 . 6 4 6 0 2 8 . 9 0 2 7 3 0 . 1 5 9 3 3 1 . 4 1 5 9 3 2 . 6 7 2 6 3 3 . 9 2 9 2 3 5 . 1 8 5 8
0 . 0 1 0 1 0 . 0 1 0 5 0 . 0 1 0 8 0 . 0 1 1 0 0 . 0 1 1 3 0 . 0 1 1 4 0 . 0 1 1 6
- 0 . 0 1 0 7 - 0 . 0 1 0 7 - 0 . 0 1 0 7 - 0 . 0 1 0 7 - 0 . 0 1 0 8 - 0 . 0 1 0 8 - 0 . 0 1 0 9
- 0 . 0 0 0 3 - 0 . 0 0 0 1 0 . 0 0 0 0 0 . 0 0 0 1 0 . 0 0 0 2 0 . 0 0 0 3 0 . 0 0 0 4
0 . 3 5 8 3 0 . 3 7 5 5 0 . 3 9 2 2 0 . 4 0 8 4 0 . 4 2 4 1 0 . 4 3 9 6 0 . 4 5 4 7
- 0 . 2 3 2 2 - 0 . 2 4 4 3 - 0 . 2 5 9 3 - 0 . 2 7 6 8 - 0 . 2 9 5 9 - 0 . 3 1 6 0 - 0 . 3 3 6 5
C -26
0 . 0 6 3 1 0 . 0 6 5 6 0 . 0 6 6 4 0 . 0 6 5 8 0 . 0 6 4 1 0 . 0 6 1 8 0 . 0 5 9 1
1 0 . 6 4 8 7 1 1 . 2 8 7 2 1 1 . 9 4 4 7 1 2 . 6 2 8 4 1 3 . 3 3 3 6 1 4 . 0 7 4 0 1 4 . 8 4 3 1
- 1 1 . 4 5 7 2  - 1 2 . 8 3 7 4 - 1 4 . 1 5 7 4 - 1 5 . 5 1 7 8 - 1 6 . 9 3 7 5 - 1 8 . 2 7 8 1 - 1 9 . 6 6 7 2
- 0 . 4 0 4 2 - 0 . 7 7 5 1 - 1 . 1 0 6 3 - 1 . 4 4 4 7 - 1 . 8 0 1 9 - 2 . 1 0 2 1 - 2 . 4 1 2 1
C o lu m n s 29 t h r o u g h 3 5
2 9 . 0 0 0 0 3 0 . 0 0 0 0 3 1 . 0 0 0 0 3 2 . 0 0 0 0 3 3 . 0 0 0 0 3 4 . 0 0 0 0 3 5 . 0 0 0 0
3 6 . 4 4 2 5 3 7 . 6 9 9 1 3 8 . 9 5 5 7 4 0 . 2 1 2 4 4 1 . 4 6 9 0 4 2 . 7 2 5 7 4 3 . 9 8 2 3
0 . 0 1 1 7 0 . 0 1 1 8 0 . 0 1 1 9 0 . 0 1 1 9 0 . 0 1 1 9 0 . 0 1 1 8 0 . 0 1 1 7
- 0 . 0 1 0 9 - 0 . 0 1 0 9 - 0 . 0 1 1 0 - 0 . 0 1 1 0 - 0 . 0 1 0 9 - 0 . 0 1 0 9 - 0 . 0 1 0 8
0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 5 0 . 0 0 0 5 0 . 0 0 0 5 0 . 0 0 0 5 0 . 0 0 0 5
0 . 4 6 9 2 0 . 4 8 3 3 0 . 4 9 6 5 0 . 5 0 8 8 0 . 5 1 9 9 0 . 5 2 9 3 0 . 5 3 7 1
- 0 . 3 5 6 7 - 0 . 3 7 6 4 - 0 . 3 9 5 4 - 0 . 4 1 3 2 - 0 . 4 2 9 6 - 0 . 4 4 4 4 - 0 . 4 5 7 0
0 . 0 5 6 3 0 . 0 5 3 5 0 . 0 5 0 6 0 . 0 4 7 8 0 . 0 4 5 2 0 . 0 4 2 5 0 . 0 4 0 0
1 5 . 6 3 4 1 1 6 . 4 5 8 6 1 7 . 2 8 7 9 1 8 . 1 3 2 8 1 8 . 9 8 3 3 1 9 . 8 0 4 0 2 0 . 6 0 5 2
- 2 1 . 0 0 4 3  -- 2 2 . 4 4 0 1 - 2 3 . 7 7 5 5 - 2 4 . 9 9 9 6 - 2 6 . 4 0 1 1 - 2 7 . 5 3 4 7 - 2 8 . 8 1 3 5
- 2 . 6 8 5 1 - 2 . 9 9 0 8 - 3 . 2 4 3 8 - 3 . 4 3 3 4 - 3 . 7 0 8 9 - 3 . 8 6 5 3 - 4 . 1 0 4 2
C o lu m n s 36 t h r o u g h 42
3 6 . 0 0 0 0 3 7 . 0 0 0 0 3 8 . 0 0 0 0 3 9 . 0 0 0 0 4 0 . 0 0 0 0 4 1 . 0 0 0 0 4 2 . 0 0 0 0
4 5 . 2 3 8 9 4 6 . 4 9 5 6 4 7 . 7 5 2 2 4 9 . 0 0 8 8 5 0 . 2 6 5 5 5 1 . 5 2 2 1 5 2 . 7 7 8 8
0 . 0 1 1 6 0 . 0 1 1 4 0 . 0 1 1 2 0 . 0 1 0 9 0 . 0 1 0 6 0 . 0 1 0 3 0 . 0 0 9 9
- 0 . 0 1 0 7 - 0 . 0 1 0 5 - 0 . 0 1 0 3 - 0 . 0 1 0 1 - 0 . 0 0 9 8 - 0 . 0 0 9 5 - 0 . 0 0 9 2
0 . 0 0 0 5 0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 3
0 . 5 4 2 9 0 . 5 4 6 6 0 . 5 4 8 0 0 . 5 4 7 0 0 . 5 4 4 0 0 . 5 3 8 9 0 . 5 3 2 3
- 0 . 4 6 7 7 - 0 . 4 7 6 1 - 0 . 4 8 1 8 - 0 . 4 8 5 3 - 0 . 4 8 6 2 - 0 . 4 8 5 3 - 0 . 4 8 2 2
0 . 0 3 7 6 0 . 0 3 5 3 0 . 0 3 3 1 0 . 0 3 0 9 0 . 0 2 8 9 0 . 0 2 6 8 0 . 0 2 5 1
2 1 . 3 6 3 6 2 2 . 0 6 0 1 2 2 . 6 9 1 9 2 3 . 2 3 5 7 2 3 . 7 0 4 8 2 4 . 0 8 3 8 2 4 . 3 7 3 6
- 2 9 . 7 3 8 2  -- 3 0 . 6 3 9 0 - 3 1 . 4 6 9 9 - 3 2 . 0 2 9 2 - 3 2 . 7 3 6 6 - 3 3 . 1 2 6 3 - 3 3 . 2 9 1 2
- 4 . 1 8 7 3 - 4 . 2 8 9 4 - 4 . 3 8 9 0 - 4 . 3 9 6 7 - 4 . 5 1 5 9 - 4 . 5 2 1 2 - 4 . 4 5 8 8
C o lu m n s 43 t h r o u g h 49
4 3 . 0 0 0 0 4 4 . 0 0 0 0 4 5 . 0 0 0 0 4 6 . 0 0 0 0 4 7 . 0 0 0 0 4 8 . 0 0 0 0 4 9 . 0 0 0 0
5 4 . 0 3 5 4 5 5 . 2 9 2 0 5 6 . 5 4 8 7 5 7 . 8 0 5 3 5 9 . 0 6 1 9 6 0 . 3 1 8 6 6 1 . 5 7 5 2
0 . 0 0 9 6 0 . 0 0 9 2 0 . 0 0 8 8 0 . 0 0 8 4 0 . 0 0 8 1 0 . 0 0 7 7 0 . 0 0 7 4
- 0 . 0 0 8 9 - 0 . 0 0 8 6 - 0 . 0 0 8 3 - 0 . 0 0 7 9 - 0 . 0 0 7 6 - 0 . 0 0 7 3 - 0 . 0 0 7 0
0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2
0 . 5 2 4 1 0 . 5 1 4 6 0 . 5 0 4 5 0 . 4 9 3 6 0 . 4 8 2 3 0 . 4 7 0 7 0 . 4 5 9 2
- 0 . 4 7 7 4 - 0 . 4 7 1 2 - 0 . 4 6 4 0 - 0 . 4 5 5 9 - 0 . 4 4 7 2 - 0 . 4 3 8 1 - 0 . 4 2 8 8
0 . 0 2 3 3 0 . 0 2 1 7 0 . 0 2 0 3 0 . 0 1 8 8 0 . 0 1 7 5 0 . 0 1 6 3 0 . 0 1 5 2
2 4 . 6 1 3 4 2 4 . 7 6 7 8 2 4 . 8 4 3 2 2 4 . 8 8 8 5 2 4 . 8 9 2 9 2 4 . 8 3 4 2 2 4 . 7 6 9 6
- 3 3 . 3 7 1 8 - 3 3 . 5 5 0 1 - 3 3 . 4 8 8 1 - 3 3 . 3 0 5 6 - 3 3 . 2 2 8 5 - 3 3 . 0 0 9 5 - 3 2 . 7 9 0 2
- 4 . 3 7 9 2 - 4 . 3 9 1 1 - 4 . 3 2 2 4 - 4 . 2 0 8 6 - 4 . 1 6 7 8 - 4 . 0 8 7 7 - 4 . 0 1 0 3
C o lu m n s 50 t h r o u g h 56
5 0 . 0 0 0 0 5 1 . 0 0 0 0 5 2 . 0 0 0 0 5 3 . 0 0 0 0 5 4 . 0 0 0 0 5 5 . 0 0 0 0 5 6 . 0 0 0 0
6 2 . 8 3 1 9 6 4 . 0 8 8 5 6 5 . 3 4 5 1 6 6 . 6 0 1 8 6 7 . 8 5 8 4 6 9 . 1 1 5 0 7 0 . 3 7 1 7
0 . 0 0 7 1 0 . 0 0 6 8 0 . 0 0 6 5 0 . 0 0 6 2 0 . 0 0 5 9 0 . 0 0 5 7 0 . 0 0 5 4
- 0 . 0 0 6 7 - 0 . 0 0 6 4 - 0 . 0 0 6 1 - 0 . 0 0 5 9 - 0 . 0 0 5 6 - 0 . 0 0 5 4 - 0 . 0 0 5 2
0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1
0 . 4 4 7 7 0 . 4 3 6 4 0 . 4 2 5 1 0 . 4 1 4 4 0 . 4 0 3 8 0 . 3 9 3 7 0 . 3 8 3 8
- 0 . 4 1 9 2 - 0 . 4 0 9 9 - 0 . 4 0 0 3 - 0 . 3 9 1 0 - 0 . 3 8 2 0 - 0 . 3 7 3 3 - 0 . 3 6 4 7
0 . 0 1 4 2 0 . 0 1 3 3 0 . 0 1 2 4 0 . 0 1 1 7 0 . 0 1 0 9 0 . 0 1 0 2 0 . 0 0 9 6
2 4 . 6 8 4 3 2 4 . 5 7 6 1 2 4 . 4 6 1 0 2 4 . 3 2 7 4 2 4 . 2 0 0 8 2 4 . 0 5 8 3 2 3 . 9 2 7 4
- 3 2 . 4 4 5 0 - 3 2 . 3 1 1 4 - 3 1 . 8 3 0 5 - 3 1 . 6 5 4 7 - 3 1 . 4 6 3 3 - 3 1 . 1 6 6 8 - 3 0 . 8 7 9 4
- 3 . 8 8 0 3 - 3 . 8 6 7 7 - 3 . 6 8 4 7 - 3 . 6 6 3 7 - 3 . 6 3 1 3 - 3 . 5 5 4 2 - 3 . 4 7 6 0
C o lu m n s 57 t h r o u g h 63
5 7 . 0 0 0 0 5 8 . 0 0 0 0 5 9 . 0 0 0 0 6 0 . 0 0 0 0 6 1 . 0 0 0 0 6 2 . 0 0 0 0 6 3 . 0 0 0 0
7 1 . 6 2 8 3 7 2 . 8 8 4 9 7 4 . 1 4 1 6 7 5 . 3 9 8 2 7 6 . 6 5 4 9 7 7 . 9 1 1 5 7 9 . 1 6 8 1
0 . 0 0 5 2 0 . 0 0 5 0 0 . 0 0 4 8 0 . 0 0 4 6 0 . 0 0 4 4 0 . 0 0 4 3 0 . 0 0 4 1
- 0 . 0 0 5 0 - 0 . 0 0 4 8 - 0 . 0 0 4 6 - 0 . 0 0 4 4 - 0 . 0 0 4 2 - 0 . 0 0 4 1 - 0 . 0 0 3 9
0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1
0 . 3 7 4 3 0 . 3 6 5 1 0 . 3 5 6 5 0 . 3 4 8 1 0 . 3 3 9 9 0 . 3 3 2 2 0 . 3 2 4 5
- 0 . 3 5 6 4 - 0 . 3 4 8 4 - 0 . 3 4 0 5 - 0 . 3 3 3 1 - 0 . 3 2 5 8 - 0 . 3 1 8 8 - 0 . 3 1 2 1
0 . 0 0 8 9 0 . 0 0 8 3 0 . 0 0 8 0 0 . 0 0 7 5 0 . 0 0 7 0 0 . 0 0 6 7 0 . 0 0 6 2
2 3 . 7 8 3 8 2 3 . 6 3 7 6 2 3 . 5 0 0 0 2 3 . 3 6 8 9 2 3 . 2 3 8 7 2 3 . 1 2 1 5 2 2 . 9 9 7 6
- 3 0 . 4 8 2 0 - 3 0 . 1 5 6 3 - 2 9 . 9 9 9 5 - 2 9 . 7 4 1 3 - 2 9 . 2 6 7 5 - 2 9 . 2 2 8 4 - 2 8 . 9 6 9 7
- 3 . 3 4 9 1 - 3 . 2 5 9 4 - 3 . 2 4 9 8 - 3 . 1 8 6 2 - 3 . 0 1 4 4 - 3 . 0 5 3 5 - 2 . 9 8 6 0
Columns 64 t h r o u g h  70
C -27
6 4 . 0 0 0 0 6 5 . 0 0 0 0 6 6 . 0 0 0 0 6 7 . 0 0 0 0 6 8 . 0 0 0 0 6 9 . 0 0 0 0 7 0 . 0 0 0 0
8 0 . 4 2 4 8 8 1 . 6 8 1 4 8 2 . 9 3 8 0 8 4 . 1 9 4 7 8 5 . 4 5 1 3 8 6 . 7 0 8 0 8 7 . 9 6 4 6
0 . 0 0 3 9 0 . 0 0 3 8 0 . 0 0 3 7 0 . 0 0 3 5 0 . 0 0 3 4 0 . 0 0 3 3 0 . 0 0 3 2
- 0 . 0 0 3 8 - 0 . 0 0 3 7 - 0 . 0 0 3 5 - 0 . 0 0 3 4 - 0 . 0 0 3 3 - 0 . 0 0 3 2 - 0 . 0 0 3 1
0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 0 0 . 0 0 0 0
0 . 3 1 7 6 0 . 3 1 0 8 0 . 3 0 4 2 0 . 2 9 7 7 0 . 2 9 1 6 0 . 2 8 6 0 0 . 2 8 0 3
- 0 . 3 0 5 7 - 0 . 2 9 9 3 - 0 . 2 9 3 4 - 0 . 2 8 7 6 - 0 . 2 8 1 9 - 0 . 2 7 6 8 - 0 . 2 7 1 6
0 . 0 0 5 9 0 . 0 0 5 8 0 . 0 0 5 4 0 . 0 0 5 1 0 . 0 0 4 8 0 . 0 0 4 6 0 . 0 0 4 3
2 2 . 8 6 1 6 2 2 . 7 5 8 4 2 2 . 6 5 1 6 2 2 . 5 3 5 1 2 2 . 4 3 4 8 2 2 . 3 4 2 3 2 2 . 2 4 0 7
- 2 8 . 5 6 5 4  -- 2 8 . 4 8 5 4 - 2 8 . 2 5 4 9 - 2 8 . 0 7 0 0 - 2 7 . 8 6 5 4 - 2 7 . 6 5 0 7 - 2 7 . 4 1 2 3
- 2 . 8 5 1 9 - 2 . 8 6 3 5 - 2 . 8 0 1 6 - 2 . 7 6 7 4 - 2 . 7 1 5 3 - 2 . 6 5 4 2 - 2 . 5 8 5 8
C o lu m n s 7 1 t h r o u g h 77
7 1 . 0 0 0 0 7 2 . 0 0 0 0 7 3 . 0 0 0 0 7 4 . 0 0 0 0 7 5 . 0 0 0 0 7 6 . 0 0 0 0 7 7 . 0 0 0 0
8 9 . 2 2 1 2 9 0 . 4 7 7 9 9 1 . 7 3 4 5 9 2 . 9 9 1 1 9 4 . 2 4 7 8 9 5 . 5 0 4 4 9 6 . 7 6 1 1
0 . 0 0 3 1 0 . 0 0 3 0 0 . 0 0 2 9 0 . 0 0 2 8 0 . 0 0 2 7 0 . 0 0 2 6 0 . 0 0 2 5
- 0 . 0 0 3 0 - 0 . 0 0 2 9 - 0 . 0 0 2 8 - 0 . 0 0 2 7 - 0 . 0 0 2 6 - 0 . 0 0 2 6 - 0 . 0 0 2 5
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
0 . 2 7 4 9 0 . 2 6 9 7 0 . 2 6 4 6 0 . 2 5 9 9 0 . 2 5 5 3 0 . 2 5 0 8 0 . 2 4 6 4
- 0 . 2 6 6 5 - 0 . 2 6 1 8 - 0 . 2 5 7 1 - 0 . 2 5 2 6 - 0 . 2 4 8 3 - 0 . 2 4 4 2 - 0 . 2 4 0 1
0 . 0 0 4 2 0 . 0 0 4 0 0 . 0 0 3 8 0 . 0 0 3 6 0 . 0 0 3 5 0 . 0 0 3 3 0 . 0 0 3 2
2 2 . 1 5 4 5 2 2 . 0 6 1 0 2 1 . 9 7 8 3 2 1 . 9 0 2 1 2 1 . 8 2 7 9 2 1 . 7 5 4 8 2 1 . 6 7 4 1
- 2 7 . 2 8 1 5 - 2 7 . 0 4 5 5 - 2 6 . 9 3 7 3 - 2 6 . 7 6 6 9 - 2 6 . 6 2 6 2 - 2 6 . 4 7 5 5 - 2 6 . 3 6 5 7
- 2 . 5 6 3 5 - 2 . 4 9 2 3 - 2 . 4 7 9 5 - 2 . 4 3 2 4 - 2 . 3 9 9 1 - 2 . 3 6 0 4 - 2 . 3 4 5 8
C o lu m n s 78 t h r o u g h 80
7 8 . 0 0 0 0 7 9 . 0 0 0 0 8 0 . 0 0 0 0
9 8 . 0 1 7 7 9 9 . 2 7 4 3 1 0 0 . 5 3 1 0
0 . 0 0 2 5 0 . 0 0 2 4 0 . 0 0 2 3
- 0 . 0 0 2 4 - 0 . 0 0 2 3 - 0 . 0 0 2 3
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
0 . 2 4 2 2 0 . 2 3 8 2 0 . 2 3 4 3
- 0 . 2 3 6 1 - 0 . 2 3 2 5 - 0 . 2 2 8 8
0 . 0 0 3 0 0 . 0 0 2 8 0 . 0 0 2 8
2 1 . 6 1 4 3 2 1 . 5 4 0 3 2 1 . 4 8 6 0
- 2 6 . 1 5 6 7 - 2 6 . 0 2 5 8 - 2 5 . 8 3 7 2
- 2 . 2 7 1 2 - 2 . 2 4 2 7 - 2 . 1 7 5 6
IICDft
C o lu m n s 1 t h r o u g h  7
1 . 0 0 0 0 2 . 0 0 0 0 3 . 0 0 0 0 4 . 0 0 0 0 5 . 0 0 0 0 6 . 0 0 0 0 7 . 0 0 0 0
1 . 2 5 6 6 2 . 5 1 3 3 3 . 7 6 9 9 5 . 0 2 6 5 6 . 2 8 3 2 7 . 5 3 9 8 8 . 7 9 6 5
0 . 0 0 9 1 0 . 0 0 9 0 0 . 0 0 9 0 0 . 0 0 9 1 0 . 0 0 9 4 0 . 0 0 9 7 0 . 0 1 0 1
- 0 . 0 0 9 1 - 0 . 0 0 9 0 - 0 . 0 0 9 1 - 0 . 0 0 9 1 - 0 . 0 0 9 1 - 0 . 0 0 9 2 - 0 . 0 0 9 6
0 . 0 0 0 0 0 . 0 0 0 0 - 0 . 0 0 0 1 0 . 0 0 0 0 0 . 0 0 0 1 0 . 0 0 0 2 0 . 0 0 0 3
0 . 0 1 1 4 0 . 0 2 2 7 0 . 0 3 5 3 0 . 0 4 8 3 0 . 0 6 1 4 0 . 0 7 3 7 0 . 0 8 4 1
- 0 . 0 1 1 4 - 0 . 0 2 3 0 - 0 . 0 3 4 0 - 0 . 0 4 4 3 - 0 . 0 5 5 2 - 0 . 0 7 2 9 - 0 . 0 9 0 5
0 . 0 0 0 0 - 0 . 0 0 0 1 0 . 0 0 0 6 0 . 0 0 2 0 0 . 0 0 3 1 0 . 0 0 0 4 - 0 . 0 0 3 2
0 . 0 1 4 3 0 . 0 5 6 8 0 . 1 3 4 6 0 . 2 2 9 7 0 . 3 6 8 7 0 . 5 0 8 3 0 . 6 8 7 7
- 0 . 0 1 4 3 - 0 . 0 5 7 0 - 0 . 1 2 5 8 - 0 . 2 3 0 3 - 0 . 3 7 9 0 - 0 . 5 9 2 1 - 0 . 7 8 8 2
0 . 0 0 0 0 - 0 . 0 0 0 1 0 . 0 0 4 4 - 0 . 0 0 0 3 - 0 . 0 0 5 1 - 0 . 0 4 1 9 - 0 . 0 5 0 3
C o lu m n s 8 t h r o u g h  14
8 . 0 0 0 0 9 . 0 0 0 0 1 0 . 0 0 0 0 1 1 . 0 0 0 0 1 2 . 0 0 0 0 1 3 . 0 0 0 0 1 4 . 0 0 0 0
1 0 . 0 5 3 1 1 1 . 3 0 9 7 1 2 . 5 6 6 4 1 3 . 8 2 3 0 1 5 . 0 7 9 6 1 6 . 3 3 6 3
1 7 . 5 9 2 9
0 . 0 1 0 7 0 . 0 1 1 0 0 . 0 1 1 5 0 . 0 1 2 0 0 . 0 1 2 3 0 . 0 1 2 4 0 . 0 1 2 3
- 0 . 0 1 0 7 - 0 . 0 1 1 2 - 0 . 0 1 1 2 - 0 . 0 1 1 4 - 0 . 0 1 1 7 - 0 . 0 1 2 2 - 0 . 0 1 2 6
0 . 0 0 0 0 - 0 . 0 0 0 1 0 . 0 0 0 2 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 1 - 0 . 0 0 0 1
0 . 1 0 2 7 0 . 1 2 6 4 0 . 1 4 2 4 0 . 1 5 6 9
0 . 1 7 5 7 0 . 1 8 7 3 0 . 1 9 4 8
- 0 . 1 1 1 5 - 0 . 1 2 5 3 - 0 . 1 3 9 6 - 0 . 1 6 7 1 - 0 . 1 9 1 0 - 0 . 2 1 1 5
- 0 . 2 2 8 7
- 0 . 0 0 4 4 0 . 0 0 0 6 0 . 0 0 1 4 - 0 . 0 0 5 1
- 0 . 0 0 7 6 - 0 . 0 1 2 1 - 0 . 0 1 6 9
1 . 2 0 4 5 1 . 4 1 0 5 1 . 7 8 1 2 2 . 1 0 6 8
2 . 6 7 9 7 3 . 7 4 8 3 4 . 8 0 0 0
- 1 . 1 9 4 4 - 1 . 4 3 0 7 - 1 . 8 8 8 8 - 2 . 3 6 0 1
- 2 . 8 5 9 4 - 3 . 4 0 5 8 - 3 . 9 5 2 4
0 . 0 0 5 0 - 0 . 0 1 0 1 - 0 . 0 5 3 8 - 0 . 1 2 6 6 - 0 . 0 8 9 9
0 . 1 7 1 3 0 . 4 2 3 8
C o lu m n s 1 5 - t h r o u g h 2 1
1 5 . 0 0 0 0 1 6 . 0 0 0 0 1 7 . 0 0 0 0 1 8 . 0 0 0 0 1 9 . 0 0 0 0 2 0 . 0 0 0 0 2 1 . 0 0 0 0
1 8 . 8 4 9 6 2 0 . 1 0 6 2 2 1 . 3 6 2 8 2 2 . 6 1 9 5 2 3 . 8 7 6 1 2 5 . 1 3 2 7 2 6 . 3 8 9 4
0 . 0 1 2 1 0 . 0 1 1 8 0 . 0 1 1 6 0 . 0 1 1 6 0 . 0 1 1 8 0 . 0 1 2 2 0 . 0 1 2 6
- 0 . 0 1 2 9 - 0 . 0 1 3 0 - 0 . 0 1 3 1 - 0 . 0 1 3 3 - 0 . 0 1 3 4 - 0 . 0 1 3 5 - 0 . 0 1 3 6
- 0 . 0 0 0 4 - 0 . 0 0 0 6 - 0 . 0 0 0 8 - 0 . 0 0 0 8 - 0 . 0 0 0 8 - 0 . 0 0 0 7 - 0 . 0 0 0 5
C -28
0 . 2 1 4 3 0 . 2 4 4 9 0 . 2 7 7 4 0 . 3 0 9 5 0 . 3 4 0 7 0 . 3 7 0 9 0 . 4 0 0 5
- 0 . 2 4 3 7 - 0 . 2 5 7 2 - 0 . 2 6 9 7 - 0 . 2 8 1 8 - 0 . 2 9 4 2 - 0 . 3 0 7 7 - 0 . 3 2 2 9
- 0 . 0 1 4 7 - 0 . 0 0 6 2 0 . 0 0 3 9 0 . 0 1 3 9 0 . 0 2 3 2 0 . 0 3 1 6 0 . 0 3 8 8
5 . 7 9 1 7 6 . 7 2 8 8 7 . 6 3 8 4 8 . 5 4 4 4 9 . 4 5 6 5 1 0 . 3 9 1 5 1 1 . 3 6 0 5
- 4 . 3 9 7 8 - 4 . 7 0 0 2 - 4 . 8 8 0 2 - 5 . 4 6 7 9 - 6 . 9 9 5 1 - 8 . 6 0 0 7 - 1 0 . 2 7 8 7
0 . 6 9 6 9 1 . 0 1 4 3 1 . 3 7 9 1 1 . 5 3 8 3 1 . 2 3 0 7 0 . 8 9 5 4 0 . 5 4 0 9
C o lu m n s 22 t h r o u g h 28
2 2 . 0 0 0 0 2 3 . 0 0 0 0 2 4 . 0 0 0 0 2 5 . 0 0 0 0 2 6 . 0 0 0 0 2 7 . 0 0 0 0 2 8 . 0 0 0 0
2 7 . 6 4 6 0 2 8 . 9 0 2 7 3 0 . 1 5 9 3 3 1 . 4 1 5 9 3 2 . 6 7 2 6 3 3 . 9 2 9 2 3 5 . 1 8 5 8
0 . 0 1 3 1 0 . 0 1 3 6 0 . 0 1 4 1 0 . 0 1 4 5 0 . 0 1 4 9 0 . 0 1 5 3 0 . 0 1 5 6
- 0 . 0 1 3 8 - 0 . 0 1 4 0 - 0 . 0 1 4 2 - 0 . 0 1 4 5 - 0 . 0 1 4 7 - 0 . 0 1 4 9 - 0 . 0 1 5 1
- 0 . 0 0 0 3 - 0 . 0 0 0 2 - 0 . 0 0 0 1 0 . 0 0 0 0 0 . 0 0 0 1 0 . 0 0 0 2 0 . 0 0 0 3
0 . 4 2 9 6 0 . 4 5 8 5 0 . 4 8 7 2 0 . 5 1 5 7 0 . 5 4 3 9 0 . 5 7 1 4 0 . 5 9 7 9
- 0 . 3 4 0 3 - 0 . 3 6 0 0 - 0 . 3 8 2 0 - 0 . 4 0 6 0 - 0 . 4 3 1 6 - 0 . 4 5 8 4 - 0 . 4 8 5 5
0 . 0 4 4 6 0 . 0 4 9 3 0 . 0 5 2 6 0 . 0 5 4 9 0 . 0 5 6 1 0 . 0 5 6 5 0 . 0 5 6 2
1 2 . 3 7 9 4 1 3 . 4 4 2 7 1 4 . 5 7 1 1 1 5 . 7 5 7 9 1 6 . 9 8 9 4 1 8 . 2 7 3 7 1 9 . 5 9 0 2
- 1 2 . 0 1 3 7  -- 1 3 . 8 7 0 8 - 1 5 . 7 4 5 8 - 1 7 . 5 8 0 0 - 1 9 . 6 5 5 8 - 2 1 . 5 6 9 3 - 2 3 . 6 8 7 7
0 . 1 8 2 8 - 0 . 2 1 4 0 - 0 . 5 8 7 4 - 0 . 9 1 1 0 - 1 . 3 3 3 2 - 1 . 6 4 7 8 - 2 . 0 4 8 7
C o lu m n s 29 t h r o u g h 35
2 9 . 0 0 0 0 3 0 . 0 0 0 0 3 1 . 0 0 0 0 3 2 . 0 0 0 0 3 3 . 0 0 0 0 3 4 . 0 0 0 0 3 5 . 0 0 0 0
3 6 . 4 4 2 5 3 7 . 6 9 9 1 3 8 . 9 5 5 7 4 0 . 2 1 2 4 4 1 . 4 6 9 0 4 2 . 7 2 5 7 4 3 . 9 8 2 3
0 . 0 1 5 8 0 . 0 1 6 0 0 . 0 1 6 1 0 . 0 1 6 1 0 . 0 1 6 1 0 . 0 1 5 9 0 . 0 1 5 7
- 0 . 0 1 5 2 - 0 . 0 1 5 3 - 0 . 0 1 5 4 - 0 . 0 1 5 3 - 0 . 0 1 5 2 - 0 . 0 1 5 1 - 0 . 0 1 4 8
0 . 0 0 0 3 0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 4
0 . 6 2 3 0 0 . 6 4 6 2 0 . 6 6 6 7 0 . 6 8 4 4 0 . 6 9 8 3 0 . 7 0 8 2 0 . 7 1 4 1
- 0 . 5 1 2 5 - 0 . 5 3 8 4 - 0 . 5 6 2 5 - 0 . 5 8 4 4 - 0 . 6 0 3 0 - 0 . 6 1 8 1 - 0 . 6 2 9 1
0 . 0 5 5 3 0 . 0 5 3 9 0 . 0 5 2 1 0 . 0 5 0 0 0 . 0 4 7 7 0 . 0 4 5 1 0 . 0 4 2 5
2 0 . 9 2 5 5 2 2 . 2 5 6 1 2 3 . 5 4 9 5 2 4 . 7 9 8 5 2 5 . 9 6 6 4 2 7 . 0 2 8 3 2 7 . 9 6 5 1
- 2 5 . 7 3 8 5  -- 2 7 . 6 9 0 4 - 2 9 . 7 2 2 6 - 3 1 . 4 5 0 5 - 3 3 . 2 9 7 7 - 3 4 . 7 1 5 9 - 3 6 . 0 3 8 6
- 2 . 4 0 6 5 - 2 . 7 1 7 2 - 3 . 0 8 6 5 - 3 . 3 2 6 0 - 3 . 6 6 5 7 - 3 . 8 4 3 8 - 4 . 0 3 6 8
C o lu m n s 36 t h r o u g h 42
3 6 . 0 0 0 0 3 7 . 0 0 0 0 3 8 . 0 0 0 0 3 9 . 0 0 0 0 4 0 . 0 0 0 0 4 1 . 0 0 0 0 4 2 . 0 0 0 0
4 5 . 2 3 8 9 4 6 . 4 9 5 6 4 7 . 7 5 2 2 4 9 . 0 0 8 8 5 0 . 2 6 5 5 5 1 . 5 2 2 1 5 2 . 7 7 8 8
0 . 0 1 5 3 0 . 0 1 4 9 0 . 0 1 4 4 0 . 0 1 3 9 0 . 0 1 3 3 0 . 0 1 2 7 0 . 0 1 2 1
- 0 . 0 1 4 5 - 0 . 0 1 4 1 - 0 . 0 1 3 6 - 0 . 0 1 3 1 - 0 . 0 1 2 6 - 0 . 0 1 2 0 - 0 . 0 1 1 5
0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 3
0 . 7 1 5 3 0 . 7 1 2 3 0 . 7 0 5 5 0 . 6 9 5 0 0 . 6 8 1 8 0 . 6 6 6 1 0 . 6 4 8 9
- 0 . 6 3 5 8 - 0 . 6 3 8 5 - 0 . 6 3 6 9 - 0 . 6 3 1 9 - 0 . 6 2 3 6 - 0 . 6 1 2 9 - 0 . 5 9 9 9
0 . 0 3 9 7 0 . 0 3 6 9 0 . 0 3 4 3 0 . 0 3 1 6 0 . 0 2 9 1 0 . 0 2 6 6 0 . 0 2 4 5
2 8 . 7 3 3 0 2 9 . 3 6 2 5 2 9 . 8 3 2 2 3 0 . 1 4 2 6 3 0 . 3 1 3 0 3 0 . 3 4 7 6 3 0 . 2 9 9 8
- 3 7 . 2 1 4 8 - 3 8 . 1 0 6 1 - 3 8 . 7 3 3 7 - 3 9 . 1 8 3 8 - 3 9 . 2 8 7 5 - 3 9 . 3 4 4 2 - 3 9 . 0 6 1 3
- 4 . 2 4 0 9 - 4 . 3 7 1 8 - 4 . 4 5 0 8 - 4 . 5 2 0 6 - 4 . 4 8 7 3 - 4 . 4 9 8 3 - 4 . 3 8 0 7
C o lu m n s 43 th r o u g h 49
4 3 . 0 0 0 0 4 4 . 0 0 0 0 4 5 . 0 0 0 0 4 6 . 0 0 0 0 4 7 . 0 0 0 0 4 8 . 0 0 0 0 4 9 . 0 0 0 0
5 4 . 0 3 5 4 5 5 . 2 9 2 0 5 6 . 5 4 8 7 5 7 . 8 0 5 3 5 9 . 0 6 1 9 6 0 . 3 1 8 6 6 1 . 5 7 5 2
0 . 0 1 1 6 0 . 0 1 1 0 0 . 0 1 0 4 0 . 0 0 9 9 0 . 0 0 9 3 0 . 0 0 8 9 0 . 0 0 8 4
- 0 . 0 1 0 9 - 0 . 0 1 0 4 - 0 . 0 0 9 8 - 0 . 0 0 9 3 - 0 . 0 0 8 8 - 0 . 0 0 8 4 - 0 . 0 0 8 0
0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 2 0 . 0 0 0 2
0 . 6 3 0 6 0 . 6 1 1 3 0 . 5 9 2 0 0 . 5 7 2 8 0 . 5 5 3 8 0 . 5 3 5 3 0 . 5 1 7 3
- 0 . 5 8 5 7 - 0 . 5 7 0 3 - 0 . 5 5 4 3 - 0 . 5 3 8 3 - 0 . 5 2 2 0 - 0 . 5 0 6 1 - 0 . 4 9 0 6
0 . 0 2 2 5 0 . 0 2 0 5 0 . 0 1 8 9 0 . 0 1 7 3 0 . 0 1 5 9 0 . 0 1 4 6 0 . 0 1 3 4
3 0 . 1 6 3 2 2 9 . 9 4 2 2 2 9 . 6 7 4 2 2 9 . 3 7 1 5 2 9 . 0 5 3 3 2 8 . 7 0 6 4 2 8 . 3 6 3 2
- 3 8 . 8 3 7 2  •- 3 8 . 6 0 7 3 - 3 8 . 1 9 3 7 - 3 7 . 6 0 3 8 - 3 7 . 0 6 0 8 - 3 6 . 5 7 0 1 - 3 5 . 9 1 8 1
- 4 . 3 3 7 0 - 4 . 3 3 2 6 - 4 . 2 5 9 8 - 4 . 1 1 6 2 - 4 . 0 0 3 8 - 3 . 9 3 1 8 - 3 . 7 7 7 4
C o lu m n s 50 t h r o u g h 56
5 0 . 0 0 0 0 5 1 . 0 0 0 0 5 2 . 0 0 0 0 5 3 . 0 0 0 0 5 4 . 0 0 0 0 5 5 . 0 0 0 0 5 6 . 0 0 0 0
6 2 . 8 3 1 9 6 4 . 0 8 8 5 6 5 . 3 4 5 1 6 6 . 6 0 1 8 6 7 . 8 5 8 4 6 9 . 1 1 5 0 7 0 . 3 7 1 7
0 . 0 0 8 0 0 . 0 0 7 6 0 . 0 0 7 2 0 . 0 0 6 8 0 . 0 0 6 5 0 . 0 0 6 2 0 . 0 0 5 9
- 0 . 0 0 7 5 - 0 . 0 0 7 2 - 0 . 0 0 6 8 - 0 . 0 0 6 5 - 0 . 0 0 6 2 - 0 . 0 0 5 9 - 0 . 0 0 5 6
0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2
0 . 5 0 0 2 0 . 4 8 3 8 0 . 4 6 8 2 0 . 4 5 3 2 0 . 4 3 9 1 0 . 4 2 5 7 0 . 4 1 3 0
- 0 . 4 7 5 4 - 0 . 4 6 0 8 - 0 . 4 4 6 9 - 0 . 4 3 3 5 - 0 . 4 2 0 8 - 0 . 4 0 8 5 - 0 . 3 9 7 1
0 . 0 1 2 4 0 . 0 1 1 5 0 . 0 1 0 7 0 . 0 0 9 8 0 . 0 0 9 1 0 . 0 0 8 6 0 . 0 0 8 0
2 8 . 0 1 8 4 2 7 . 6 7 2 4 2 7 . 3 3 9 4 2 7 . 0 0 9 1 2 6 . 6 8 9 3 2 6 . 3 9 0 7 2 6 . 1 0 3 5
- 3 5 . 4 4 9 1  -- 3 4 . 8 0 2 6 - 3 4 . 4 1 8 7 - 3 3 . 9 2 4 0 - 3 3 . 4 1 9 3 - 3 2 . 8 2 6 3 - 3 2 . 5 0 5 4
- 3 . 7 1 5 4 - 3 . 5 6 5 1 - 3 . 5 3 9 6 - 3 . 4 5 7 4 - 3 . 3 6 5 0 - 3 . 2 1 7 8 - 3 . 2 0 0 9
C -29
C o lu m n s 57 t h r o u g h 63
5 7 . 0 0 0 0 5 8 . 0 0 0 0 5 9 . 0 0 0 0 6 0 . 0 0 0 0 6 1 . 0 0 0 0 6 2 . 0 0 0 0 6 3 . 0 0 0 0
7 1 . 6 2 8 3 7 2 . 8 8 4 9 7 4 . 1 4 1 6 7 5 . 3 9 8 2 7 6 . 6 5 4 9 7 7 . 9 1 1 5 7 9 . 1 6 8 1
0 . 0 0 5 6 0 . 0 0 5 4 0 . 0 0 5 1 0 . 0 0 4 9 0 . 0 0 4 7 0 . 0 0 4 5 0 . 0 0 4 3
- 0 . 0 0 5 3 - 0 . 0 0 5 1 - 0 . 0 0 4 9 - 0 . 0 0 4 7 - 0 . 0 0 4 5 - 0 . 0 0 4 3 - 0 . 0 0 4 1
0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1
0 . 4 0 0 9 0 . 3 8 9 4 0 . 3 7 8 6 0 . 3 6 8 4 0 . 3 5 8 6 0 . 3 4 9 4 0 . 3 4 0 5
- 0 . 3 8 6 1 - 0 . 3 7 5 6 - 0 . 3 6 5 6 - 0 . 3 5 6 1 - 0 . 3 4 7 1 - 0 . 3 3 8 5 - 0 . 3 3 0 3
0 . 0 0 7 4 0 . 0 0 6 9 0 . 0 0 6 5 0 . 0 0 6 2 0 . 0 0 5 8 0 . 0 0 5 4 0 . 0 0 5 1
2 5 . 8 1 7 5 2 5 . 5 6 6 4 2 5 . 3 0 6 0 2 5 . 0 7 0 0 2 4 . 8 4 2 8 2 4 . 6 2 1 9 2 4 . 4 1 6 9
- 3 2 . 1 0 3 5  -- 3 1 . 5 8 0 8 - 3 1 . 1 2 8 2 - 3 0 . 8 2 9 2 - 3 0 . 4 7 7 9 - 3 0 . 2 3 5 2 - 2 9 . 8 9 9 5
- 3 . 1 4 3 0 - 3 . 0 0 7 2 - 2 . 9 1 1 1 - 2 . 8 7 9 6 - 2 . 8 1 7 5 - 2 . 8 0 6 6 - 2 . 7 4 1 3
C o lu m n s 64 t h r o u g h 70
6 4 . 0 0 0 0 6 5 . 0 0 0 0 6 6 . 0 0 0 0 6 7 . 0 0 0 0 6 8 . 0 0 0 0 6 9 . 0 0 0 0 7 0 . 0 0 0 0
8 0 . 4 2 4 8 8 1 . 6 8 1 4 8 2 . 9 3 8 0 8 4 . 1 9 4 7 8 5 . 4 5 1 3 8 6 . 7 0 8 0 8 7 . 9 6 4 6
0 . 0 0 4 2 0 . 0 0 4 0 0 . 0 0 3 9 0 . 0 0 3 7 0 . 0 0 3 6 0 . 0 0 3 5 0 . 0 0 3 3
- 0 . 0 0 4 0 - 0 . 0 0 3 8 - 0 . 0 0 3 7 - 0 . 0 0 3 5 - 0 . 0 0 3 4 - 0 . 0 0 3 3 - 0 . 0 0 3 2
0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1
0 . 3 3 2 1 0 . 3 2 4 2 0 . 3 1 6 7 0 . 3 0 9 5 0 . 3 0 2 6 0 . 2 9 6 0 0 . 2 8 9 6
- 0 . 3 2 2 5 - 0 . 3 1 5 0 - 0 . 3 0 7 9 - 0 . 3 0 1 1 - 0 . 2 9 4 6 - 0 . 2 8 8 5 - 0 . 2 8 2 5
0 . 0 0 4 8 0 . 0 0 4 6 0 . 0 0 4 4 0 . 0 0 4 2 0 . 0 0 4 0 0 . 0 0 3 8 0 . 0 0 3 6
2 4 . 2 1 9 4 2 4 . 0 3 2 0 2 3 . 8 5 8 9 2 3 . 6 9 7 1 2 3 . 5 4 1 7 2 3 . 3 8 7 1 2 3 . 2 4 5 0
- 2 9 . 5 9 2 0 - 2 9 . 0 9 5 1 - 2 8 . 9 7 0 6 - 2 8 . 6 3 7 4 - 2 8 . 3 9 6 5 - 2 8 . 1 8 9 3 - 2 7 . 9 9 7 8
- 2 . 6 8 6 3 - 2 . 5 3 1 5 - 2 . 5 5 5 9 - 2 . 4 7 0 2 - 2 . 4 2 7 4 - 2 . 4 0 1 1 - 2 . 3 7 6 4
C o lu m n s 7 1 t h r o u g h 77
7 1 . 0 0 0 0 7 2 . 0 0 0 0 7 3 . 0 0 0 0 7 4 . 0 0 0 0 7 5 . 0 0 0 0 7 6 . 0 0 0 0 7 7 . 0 0 0 0
8 9 . 2 2 1 2 9 0 . 4 7 7 9 9 1 . 7 3 4 5 9 2 . 9 9 1 1 9 4 . 2 4 7 8 9 5 . 5 0 4 4 9 6 . 7 6 1 1
0 . 0 0 3 2 0 . 0 0 3 1 0 . 0 0 3 0 0 . 0 0 2 9 0 . 0 0 2 8 0 . 0 0 2 7 0 . 0 0 2 6
- 0 . 0 0 3 1 - 0 . 0 0 3 0 - 0 . 0 0 2 9 - 0 . 0 0 2 8 - 0 . 0 0 2 7 - 0 . 0 0 2 6 - 0 . 0 0 2 5
0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1
0 . 2 8 3 5 0 . 2 7 7 8 0 . 2 7 2 4 0 . 2 6 6 9 0 . 2 6 1 8 0 . 2 5 7 0 0 . 2 5 2 2
- 0 . 2 7 6 8 - 0 . 2 7 1 2 - 0 . 2 6 6 1 - 0 . 2 6 1 0 - 0 . 2 5 6 2 - 0 . 2 5 1 6 - 0 . 2 4 7 0
0 . 0 0 3 4 0 . 0 0 3 3 0 . 0 0 3 1 0 . 0 0 2 9 0 . 0 0 2 8 0 . 0 0 2 7 0 . 0 0 2 6
2 3 . 1 0 6 5 2 2 . 9 7 5 9 2 2 . 8 4 8 2 2 2 . 7 3 6 7 2 2 . 6 2 0 3 2 2 . 5 1 5 9 2 2 . 4 1 2 2
- 2 7 . 7 8 7 0 - 2 7 . 5 8 0 5 - 2 7 . 3 1 9 5 - 2 7 . 1 9 1 4 - 2 7 . 0 0 9 2 - 2 6 . 7 8 6 8 - 2 6 . 6 5 8 9
- 2 . 3 4 0 2 - 2 . 3 0 2 3 - 2 . 2 3 5 7 - 2 . 2 2 7 4 - 2 . 1 9 4 4 - 2 . 1 3 5 4 - 2 . 1 2 3 3
C o lu m n s 78 t h r o u g h 80
7 8 . 0 0 0 0 7 9 . 0 0 0 0 8 0 . 0 0 0 0
9 8 . 0 1 7 7 9 9 . 2 7 4 3 1 0 0 . 5 3 1 0
0 . 0 0 2 6 0 . 0 0 2 5 0 . 0 0 2 4
- 0 . 0 0 2 4 - 0 . 0 0 2 4 - 0 . 0 0 2 3
0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1
0 . 2 4 7 7 0 . 2 4 3 4 0 . 2 3 9 1
- 0 . 2 4 2 8 - 0 . 2 3 8 6 - 0 . 2 3 4 6
0 . 0 0 2 5 0 . 0 0 2 4 0 . 0 0 2 2
2 2 . 3 2 0 3 2 2 . 2 2 4 8 2 2 . 1 3 8 2
- 2 6 . 4 8 2 3 - 2 6 . 3 3 9 9 - 2 6 . 1 7 5 6
- 2 . 0 8 1 0 - 2 . 0 5 7 5 - 2 . 0 1 8 7
w —
C o lu m n s 1 t h r o u g h  '7
1 . 0 0 0 0 2 . 0 0 0 0 3 . 0 0 0 0 4 . 0 0 0 0 5 . 0 0 0 0 6 . 0 0 0 0 7 . 0 0 0 0
1 . 2 5 6 6 2 . 5 1 3 3 3 . 7 6 9 9 5 . 0 2 6 5 6 . 2 8 3 2 7 . 5 3 9 8 8 . 7 9 6 5
0 . 0 0 1 3 0 . 0 0 1 3 0 . 0 0 1 5 0 . 0 0 1 5 0 . 0 0 2 0 0 . 0 0 2 4 0 . 0 0 2 8
- 0 . 0 0 1 3 - 0 . 0 0 1 3 - 0 . 0 0 1 3 - 0 . 0 0 1 5 - 0 . 0 0 1 6 - 0 . 0 0 2 1 - 0 . 0 0 3 0
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 1 0 . 0 0 0 0 0 . 0 0 0 2 0 . 0 0 0 1 - 0 . 0 0 0 1
0 . 0 0 1 3 0 . 0 0 1 3 0 . 0 0 1 4 0 . 0 0 1 5 0 . 0 0 1 3 0 . 0 0 1 2 0 . 0 0 1 0
- 0 . 0 0 1 3 - 0 . 0 0 1 3 - 0 . 0 0 1 2 - 0 . 0 0 1 1 - 0 . 0 0 1 0 - 0 . 0 0 0 8 - 0 . 0 0 0 6
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 1 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2
0 . 0 0 1 3 0 . 0 0 1 3 0 . 0 0 1 5 0 . 0 0 1 5 0 . 0 0 2 0 0 . 0 0 2 4 0 . 0 0 2 9
- 0 . 0 0 1 3 - 0 . 0 0 1 3 - 0 . 0 0 1 3 - 0 . 0 0 1 5 - 0 . 0 0 1 6 - 0 . 0 0 2 1 - 0 . 0 0 2 8
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 1 0 . 0 0 0 0 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 1
0 . 0 0 1 3 0 . 0 0 1 3 0 . 0 0 1 3 0 . 0 0 1 4 0 . 0 0 1 4 0 . 0 0 1 4 0 . 0 0 1 3
- 0 . 0 0 1 3 - 0 . 0 0 1 3 - 0 . 0 0 1 2 - 0 . 0 0 1 1 - 0 . 0 0 1 1 - 0 . 0 0 1 1 - 0 . 0 0 1 1
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 1 0 . 0 0 0 2 0 . 0 0 0 1 0 . 0 0 0 1
Columns 8 t h r o u g h  1 4
C -30
8 . 0 0 0 0 9 . 0 0 0 0 1 0 . 0 0 0 0 1 1 . 0 0 0 0 1 2 . 0 0 0 0 1 3 . 0 0 0 0 1 4 . 0 0 0 0
1 0 . 0 5 3 1 1 1 . 3 0 9 7 1 2 . 5 6 6 4 1 3 . 8 2 3 0 1 5 . 0 7 9 6 1 6 . 3 3 6 3 1 7 . 5 9 2 9
0 . 0 0 3 0 0 . 0 0 2 9 0 . 0 0 4 6 0 . 0 0 5 6 0 . 0 0 6 1 0 . 0 0 6 0 0 . 0 0 6 1
- 0 . 0 0 3 6 - 0 . 0 0 3 6 - 0 . 0 0 5 9 - 0 . 0 0 7 6 - 0 . 0 0 8 7 - 0 . 0 0 9 4 - 0 . 0 0 9 7
- 0 . 0 0 0 3 - 0 . 0 0 0 3 - 0 . 0 0 0 6 - 0 . 0 0 1 0 - 0 . 0 0 1 3 - 0 . 0 0 1 7 - 0 . 0 0 1 8
0 . 0 0 0 9 0 . 0 0 1 1 0 . 0 0 1 6 0 . 0 0 2 3 0 . 0 0 2 7 0 . 0 0 3 2 0 . 0 0 4 1
- 0 . 0 0 0 6 - 0 . 0 0 0 8 - 0 . 0 0 1 4 - 0 . 0 0 2 3 - 0 . 0 0 3 3 - 0 . 0 0 4 2 - 0 . 0 0 4 9
0 . 0 0 0 2 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 0 - 0 . 0 0 0 3 - 0 . 0 0 0 5 - 0 . 0 0 0 4
0 . 0 0 4 0 0 . 0 0 5 0 0 . 0 0 4 8 0 . 0 0 5 0 0 . 0 0 5 1 0 . 0 0 5 0 0 . 0 0 4 8
- 0 . 0 0 4 1 - 0 . 0 0 5 5 - 0 . 0 0 5 4 - 0 . 0 0 5 5 - 0 . 0 0 5 9 - 0 . 0 0 6 3 - 0 . 0 0 6 6
0 . 0 0 0 0 - 0 . 0 0 0 3 - 0 . 0 0 0 3 - 0 . 0 0 0 3 - 0 . 0 0 0 4 - 0 . 0 0 0 6 - 0 . 0 0 0 9
0 . 0 0 1 4 0 . 0 0 1 2 0 . 0 0 1 2 0 . 0 0 1 6 0 . 0 0 1 9 0 . 0 0 2 3 0 . 0 0 2 9
- 0 . 0 0 1 0 - 0 . 0 0 1 1 - 0 . 0 0 1 5 - 0 . 0 0 2 2 - 0 . 0 0 2 8 - 0 . 0 0 3 4 - 0 . 0 0 4 0
0 . 0 0 0 2 0 . 0 0 0 0 - 0 . 0 0 0 2 - 0 . 0 0 0 3 - 0 . 0 0 0 4 - 0 . 0 0 0 6 - 0 . 0 0 0 6
C o lu m n s 1 5 t h r o u g h 2 1
1 5 . 0 0 0 0 1 6 . 0 0 0 0 1 7 . 0 0 0 0 1 8 . 0 0 0 0 1 9 . 0 0 0 0 2 0 . 0 0 0 0 2 1 . 0 0 0 0
1 8 . 8 4 9 6 2 0 . 1 0 6 2 2 1 . 3 6 2 8 2 2 . 6 1 9 5 2 3 . 8 7 6 1 2 5 . 1 3 2 7 2 6 . 3 8 9 4
0 . 0 0 6 9 0 . 0 0 7 6 0 . 0 0 8 3 0 . 0 0 8 9 0 . 0 0 9 5 0 . 0 1 0 1 0 . 0 1 0 6
- 0 . 0 0 9 7 - 0 . 0 0 9 6 - 0 . 0 0 9 5 - 0 . 0 0 9 4 - 0 . 0 0 9 4 - 0 . 0 0 9 5 - 0 . 0 0 9 6
- 0 . 0 0 1 4 - 0 . 0 0 1 0 - 0 . 0 0 0 6 - 0 . 0 0 0 3 0 . 0 0 0 0 0 . 0 0 0 3 0 . 0 0 0 5
0 . 0 0 5 0 0 . 0 0 5 8 0 . 0 0 6 5 0 . 0 0 7 2 0 . 0 0 7 9 0 . 0 0 8 6 0 . 0 0 9 3
- 0 . 0 0 5 4 - 0 . 0 0 5 8 - 0 . 0 0 6 1 - 0 . 0 0 6 4 - 0 . 0 0 6 8 - 0 . 0 0 7 1 - 0 . 0 0 7 6
- 0 . 0 0 0 2 0 . 0 0 0 0 0 . 0 0 0 2 0 . 0 0 0 4 0 . 0 0 0 6 0 . 0 0 0 8 0 . 0 0 0 9
0 . 0 0 4 6 0 . 0 0 5 2 0 . 0 0 5 7 0 . 0 0 6 3 0 . 0 0 6 8 0 . 0 0 7 4 0 . 0 0 7 9
- 0 . 0 0 6 8 - 0 . 0 0 6 9 - 0 . 0 0 6 9 - 0 . 0 0 6 9 - 0 . 0 0 6 9 - 0 . 0 0 6 8 - 0 . 0 0 6 9
- 0 . 0 0 1 1 - 0 . 0 0 0 9 - 0 . 0 0 0 6 - 0 . 0 0 0 3 0 . 0 0 0 0 0 . 0 0 0 3 0 . 0 0 0 5
0 . 0 0 3 5 0 . 0 0 4 1 0 . 0 0 4 7 0 . 0 0 5 3 0 . 0 0 5 9 0 . 0 0 6 6 0 . 0 0 7 2
- 0 . 0 0 4 4 - 0 . 0 0 4 8 - 0 . 0 0 5 0 - 0 . 0 0 5 3 - 0 . 0 0 5 5 - 0 . 0 0 5 8 - 0 . 0 0 6 1
- 0 . 0 0 0 5 - 0 . 0 0 0 3 - 0 . 0 0 0 2 0 . 0 0 0 0 0 . 0 0 0 2 0 . 0 0 0 4 0 . 0 0 0 6
C o lu m n s 22 t h r o u g h 28
2 2 . 0 0 0 0 2 3 . 0 0 0 0 2 4 . 0 0 0 0 2 5 . 0 0 0 0 2 6 . 0 0 0 0 2 7 . 0 0 0 0 2 8 . 0 0 0 0
2 7 . 6 4 6 0 2 8 . 9 0 2 7 3 0 . 1 5 9 3 3 1 . 4 1 5 9 3 2 . 6 7 2 6 3 3 . 9 2 9 2 3 5 . 1 8 5 8
0 . 0 1 1 2 0 . 0 1 1 6 0 . 0 1 2 1 0 . 0 1 2 5 0 . 0 1 2 8 0 . 0 1 3 1 0 . 0 1 3 3
- 0 . 0 0 9 8 - 0 . 0 1 0 0 - 0 . 0 1 0 3 - 0 . 0 1 0 5 - 0 . 0 1 0 8 - 0 . 0 1 1 0 - 0 . 0 1 1 3
0 . 0 0 0 7 0 . 0 0 0 8 0 . 0 0 0 9 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0
0 . 0 1 0 1 0 . 0 1 0 8 0 . 0 1 1 5 0 . 0 1 2 1 0 . 0 1 2 8 0 . 0 1 3 4 0 . 0 1 3 9
- 0 . 0 0 8 1 - 0 . 0 0 8 6 - 0 . 0 0 9 2 - 0 . 0 0 9 9 - 0 . 0 1 0 5 - 0 . 0 1 1 2 - 0 . 0 1 1 9
0 . 0 0 1 0 0 . 0 0 1 1 0 . 0 0 1 1 0 . 0 0 1 1 0 . 0 0 1 1 0 . 0 0 1 1 0 . 0 0 1 0
0 . 0 0 8 3 0 . 0 0 8 8 0 . 0 0 9 3 0 . 0 0 9 8 0 . 0 1 0 2 0 . 0 1 0 7 0 . 0 1 1 2
- 0 . 0 0 7 0 - 0 . 0 0 7 2 - 0 . 0 0 7 4 - 0 . 0 0 7 8 - 0 . 0 0 8 2 - 0 . 0 0 8 7 - 0 . 0 0 9 2
0 . 0 0 0 7 0 . 0 0 0 8 0 . 0 0 0 9 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0
0 . 0 0 7 9 0 . 0 0 8 6 0 . 0 0 9 4 0 . 0 1 0 2 0 . 0 1 0 9 0 . 0 1 1 8 0 . 0 1 2 6
- 0 . 0 0 6 5 - 0 . 0 0 7 0 - 0 . 0 0 7 7 - 0 . 0 0 8 4 - 0 . 0 0 9 2 - 0 . 0 1 0 1 - 0 . 0 1 1 0
0 . 0 0 0 7 0 . 0 0 0 8 0 . 0 0 0 9 0 . 0 0 0 9 0 . 0 0 0 9 0 . 0 0 0 8 0 . 0 0 0 8
C o lu m n s 29 t h r o u g h 35
2 9 . 0 0 0 0 3 0 . 0 0 0 0 3 1 . 0 0 0 0 3 2 . 0 0 0 0 3 3 . 0 0 0 0 3 4 . 0 0 0 0 3 5 . 0 0 0 0
3 6 . 4 4 2 5 3 7 . 6 9 9 1 3 8 . 9 5 5 7 4 0 . 2 1 2 4 4 1 . 4 6 9 0 4 2 . 7 2 5 7 4 3 . 9 8 2 3
0 . 0 1 3 5 0 . 0 1 3 6 0 . 0 1 3 7 0 . 0 1 3 7 0 . 0 1 3 8 0 . 0 1 3 8 0 . 0 1 3 8
- 0 . 0 1 1 5 - 0 . 0 1 1 7 - 0 . 0 1 1 9 - 0 . 0 1 2 0 - 0 . 0 1 2 2 - 0 . 0 1 2 3 - 0 . 0 1 2 4
0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 0 9 0 . 0 0 0 9 0 . 0 0 0 8 0 . 0 0 0 8 0 . 0 0 0 7
0 . 0 1 4 5 0 . 0 1 4 9 0 . 0 1 5 3 0 . 0 1 5 6 0 . 0 1 5 9 0 . 0 1 6 1 0 . 0 1 6 3
- 0 . 0 1 2 5 - 0 . 0 1 3 0 - 0 . 0 1 3 6 - 0 . 0 1 4 0 - 0 . 0 1 4 4 - 0 . 0 1 4 8 - 0 . 0 1 5 0
0 . 0 0 1 0 0 . 0 0 0 9 0 . 0 0 0 9 0 . 0 0 0 8 0 . 0 0 0 7 0 . 0 0 0 7 0 . 0 0 0 6
0 . 0 1 1 6 0 . 0 1 2 1 0 . 0 1 2 6 0 . 0 1 3 0 0 . 0 1 3 5 0 . 0 1 3 9 0 . 0 1 4 3
- 0 . 0 0 9 8 - 0 . 0 1 0 4 - 0 . 0 1 1 0 - 0 . 0 1 1 6 - 0 . 0 1 2 2
- 0 . 0 1 2 7 - 0 . 0 1 3 3
0 . 0 0 0 9 0 . 0 0 0 8 0 . 0 0 0 8 0 . 0 0 0 7 0 . 0 0 0 6 0 . 0 0 0 6
0 . 0 0 0 5
0 . 0 1 3 4 0 . 0 1 4 2 0 . 0 1 4 9 0 . 0 1 5 6 0 . 0 1 6 3 0 . 0 1 6 9
0 . 0 1 7 4
- 0 . 0 1 1 9 - 0 . 0 1 2 8 - 0 . 0 1 3 7 - 0 . 0 1 4 5 - 0 . 0 1 5 3
- 0 . 0 1 6 0 - 0 . 0 1 6 6
0 . 0 0 0 7 0 . 0 0 0 7 0 . 0 0 0 6 0 . 0 0 0 6 0 . 0 0 0 5 0 . 0 0 0 4
0 . 0 0 0 4
C o lu m n s 36 t h r o u g h 42
3 6 . 0 0 0 0 3 7 . 0 0 0 0 3 8 . 0 0 0 0 3 9 . 0 0 0 0 4 0 . 0 0 0 0
4 1 . 0 0 0 0 4 2 . 0 0 0 0
4 5 . 2 3 8 9 4 6 . 4 9 5 6 4 7 . 7 5 2 2 4 9 . 0 0 8 8 5 0 . 2  655 5 1 . 5 2 2 1
5 2 . 7 7 8 8
0 . 0 1 3 8 0 . 0 1 3 8 0 . 0 1 3 9 0 . 0 1 3 9 0 . 0 1 3 9 0 . 0 1 3 9
0 . 0 1 3 9
- 0 . 0 1 2 5 - 0 . 0 1 2 6 - 0 . 0 1 2 7 - 0 . 0 1 2 9 - 0 . 0 1 2 9 - 0 . 0 1 3 0
- 0 . 0 1 3 1
0 . 0 0 0 7 0 . 0 0 0 6 0 . 0 0 0 6 0 . 0 0 0 5 0 . 0 0 0 5 0 . 0 0 0 4
0 . 0 0 0 4
0 . 0 1 6 3 0 . 0 1 6 4 0 . 0 1 6 4 0 . 0 1 6 4 0 . 0 1 6 3 0 . 0 1 6 2
0 . 0 1 6 1
- 0 . 0 1 5 3 - 0 . 0 1 5 4 - 0 . 0 1 5 5 - 0 . 0 1 5 6 - 0 . 0 1 5 6 - 0 . 0 1 5 6
- 0 . 0 1 5 5
0 . 0 0 0 5 0 . 0 0 0 5 0 . 0 0 0 4 0 . 0 0 0 4 0 . 0 0 0 3 0 . 0 0 0 3
0 . 0 0 0 3
0 . 0 1 4 6 0 . 0 1 5 0 0 . 0 1 5 2 0 . 0 1 5 4 0 . 0 1 5 6 0 . 0 1 5 7 0 . 0 1 5 8
C-31
- 0 . 0 1 3 7 - 0 . 0 1 4 2 - 0 . 0 1 4 5 - 0 . 0 1 4 8 - 0 . 0 1 5 1 - 0 . 0 1 5 3 - 0 . 0 1 5 4
0 . 0 0 0 5 0 . 0 0 0 4 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 2 0 . 0 0 0 2
0 . 0 1 7 8 0 . 0 1 8 0 0 . 0 1 8 2 0 . 0 1 8 3 0 . 0 1 8 3 0 . 0 1 8 3 0 . 0 1 8 2
- 0 . 0 1 7 1 - 0 . 0 1 7 5 - 0 . 0 1 7 8 - 0 . 0 1 8 0 - 0 . 0 1 8 0 - 0 . 0 1 8 1 - 0 . 0 1 8 0
0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1
C o lu m n s 43 t h r o u g h 49
4 3 . 0 0 0 0 4 4 . 0 0 0 0 4 5 . 0 0 0 0 4 6 . 0 0 0 0 4 7 . 0 0 0 0 4 8 . 0 0 0 0 4 9 . 0 0 0 0
5 4 . 0 3 5 4 5 5 . 2 9 2 0 5 6 . 5 4 8 7 5 7 . 8 0 5 3 5 9 . 0 6 1 9 6 0 . 3 1 8 6 6 1 . 5 7 5 2
0 . 0 1 3 9 0 . 0 1 3 8 0 . 0 1 3 8 0 . 0 1 3 8 0 . 0 1 3 7 0 . 0 1 3 7 0 . 0 1 3 6
- 0 . 0 1 3 2 - 0 . 0 1 3 2 - 0 . 0 1 3 3 - 0 . 0 1 3 3 - 0 . 0 1 3 3 - 0 . 0 1 3 3 - 0 . 0 1 3 3
0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 3 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2
0 . 0 1 5 9 0 . 0 1 5 8 0 . 0 1 5 6 0 . 0 1 5 4 0 . 0 1 5 3 0 . 0 1 5 1 0 . 0 1 4 9
- 0 . 0 1 5 4 - 0 . 0 1 5 3 - 0 . 0 1 5 2 - 0 . 0 1 5 1 - 0 . 0 1 5 0 - 0 . 0 1 4 8 - 0 . 0 1 4 7
0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 2 0 . 0 0 0 1 0 . 0 0 0 1
0 . 0 1 5 8 0 . 0 1 5 8 0 . 0 1 5 8 0 . 0 1 5 7 0 . 0 1 5 6 0 . 0 1 5 5 0 . 0 1 5 4
- 0 . 0 1 5 5 - 0 . 0 1 5 5 - 0 . 0 1 5 5 - 0 . 0 1 5 5 - 0 . 0 1 5 4 - 0 . 0 1 5 3 - 0 . 0 1 5 2
0 . 0 0 0 2 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1
0 . 0 1 8 0 0 . 0 1 7 8 0 . 0 1 7 6 0 . 0 1 7 3 0 . 0 1 7 1 0 . 0 1 6 8 0 . 0 1 6 5
- 0 . 0 1 7 9 - 0 . 0 1 7 7 - 0 . 0 1 7 5 - 0 . 0 1 7 3 - 0 . 0 1 7 1 - 0 . 0 1 6 8 - 0 . 0 1 6 6
0 . 0 0 0 1 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
C o lu m n s 50 th r o u g h 56
5 0 . 0 0 0 0 5 1 . 0 0 0 0 5 2 . 0 0 0 0 5 3 . 0 0 0 0 5 4 . 0 0 0 0 5 5 . 0 0 0 0 5 6 . 0 0 0 0
6 2 . 8 3 1 9 6 4 . 0 8 8 5 6 5 . 3 4 5 1 6 6 . 6 0 1 8 6 7 . 8 5 8 4 6 9 . 1 1 5 0 7 0 . 3 7 1 7
0 . 0 1 3 6 0 . 0 1 3 5 0 . 0 1 3 4 0 . 0 1 3 4 0 . 0 1 3 3 0 . 0 1 3 2 0 . 0 1 3 2
- 0 . 0 1 3 3 - 0 . 0 1 3 3 - 0 . 0 1 3 2 - 0 . 0 1 3 2 - 0 . 0 1 3 1 - 0 . 0 1 3 1 - 0 . 0 1 3 1
0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1
0 . 0 1 4 8 0 . 0 1 4 6 0 . 0 1 4 5 0 . 0 1 4 3 0 . 0 1 4 2 0 . 0 1 4 0 0 . 0 1 3 9
- 0 . 0 1 4 6 - 0 . 0 1 4 4 - 0 . 0 1 4 3 - 0 . 0 1 4 2 - 0 . 0 1 4 0 - 0 . 0 1 3 9 - 0 . 0 1 3 8
0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1
0 . 0 1 5 2 0 . 0 1 5 1 0 . 0 1 4 9 0 . 0 1 4 8 0 . 0 1 4 6 0 . 0 1 4 5 0 . 0 1 4 4
- 0 . 0 1 5 1 - 0 . 0 1 5 0 - 0 . 0 1 4 9 - 0 . 0 1 4 7 - 0 . 0 1 4 6 - 0 . 0 1 4 5 - 0 . 0 1 4 3
0 . 0 0 0 1 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
0 . 0 1 6 3 0 . 0 1 6 0 0 . 0 1 5 8 0 . 0 1 5 6 0 . 0 1 5 3 0 . 0 1 5 1 0 . 0 1 4 9
- 0 . 0 1 6 4 - 0 . 0 1 6 1 - 0 . 0 1 5 9 - 0 . 0 1 5 7 - 0 . 0 1 5 4 - 0 . 0 1 5 2 - 0 . 0 1 5 0
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 - 0 . 0 0 0 1 - 0 . 0 0 0 1 - 0 . 0 0 0 1
C o lu m n s 57 t h r o u g h 63
5 7 . 0 0 0 0 5 8 . 0 0 0 0 5 9 . 0 0 0 0 6 0 . 0 0 0 0 6 1 . 0 0 0 0 6 2 . 0 0 0 0 6 3 . 0 0 0 0
7 1 . 6 2 8 3 7 2 . 8 8 4 9 7 4 . 1 4 1 6 7 5 . 3 9 8 2 7 6 . 6 5 4 9 7 7 . 9 1 1 5 7 9 . 1 6 8 1
0 . 0 1 3 1 0 . 0 1 3 0 0 . 0 1 2 9 0 . 0 1 2 9 0 . 0 1 2 8 0 . 0 1 2 7 0 . 0 1 2 7
- 0 . 0 1 3 0 - 0 . 0 1 2 9 - 0 . 0 1 2 9 - 0 . 0 1 2 8 - 0 . 0 1 2 8 - 0 . 0 1 2 7 - 0 . 0 1 2 7
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
0 . 0 1 3 8 0 . 0 1 3 7 0 . 0 1 3 5 0 . 0 1 3 4 0 . 0 1 3 3 0 . 0 1 3 2 0 . 0 1 3 1
- 0 . 0 1 3 7 - 0 . 0 1 3 6 - 0 . 0 1 3 5 - 0 . 0 1 3 4 - 0 . 0 1 3 3 - 0 . 0 1 3 2 - 0 . 0 1 3 1
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
0 . 0 1 4 2 0 . 0 1 4 1 0 . 0 1 4 0 0 . 0 1 3 8 0 . 0 1 3 7 0 . 0 1 3 6 0 . 0 1 3 5
- 0 . 0 1 4 2 - 0 . 0 1 4 1 - 0 . 0 1 4 0 - 0 . 0 1 3 8 - 0 . 0 1 3 7 - 0 . 0 1 3 6 - 0 . 0 1 3 5
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
0 . 0 1 4 7 0 . 0 1 4 5 0 . 0 1 4 4 0 . 0 1 4 2 0 . 0 1 4 0 0 . 0 1 3 9 0 . 0 1 3 8
- 0 . 0 1 4 8 - 0 . 0 1 4 7 - 0 . 0 1 4 5 - 0 . 0 1 4 3 - 0 . 0 1 4 2 - 0 . 0 1 4 0 - 0 . 0 1 3 9
- 0 . 0 0 0 1 - 0 . 0 0 0 1 - 0 . 0 0 0 1 - 0 . 0 0 0 1 - 0 . 0 0 0 1 - 0 . 0 0 0 1 - 0 . 0 0 0 1
C o lu m n s 64 t h r o u g h 70
6 4 . 0 0 0 0 6 5 . 0 0 0 0 6 6 . 0 0 0 0 6 7 . 0 0 0 0 6 8 . 0 0 0 0 6 9 . 0 0 0 0 7 0 . 0 0 0 0
8 0 . 4 2 4 8 8 1 . 6 8 1 4 8 2 . 9 3 8 0 8 4 . 1 9 4 7 8 5 . 4 5 1 3 8 6 . 7 0 8 0 8 7 . 9 6 4 6
0 . 0 1 2 6 0 . 0 1 2 5 0 . 0 1 2 5 0 . 0 1 2 4 0 . 0 1 2 4 0 . 0 1 2 3 0 . 0 1 2 3
- 0 . 0 1 2 6 - 0 . 0 1 2 6 - 0 . 0 1 2 5 - 0 . 0 1 2 4 - 0 . 0 1 2 4 - 0 . 0 1 2 3 - 0 . 0 1 2 3
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
0 . 0 1 3 0 0 . 0 1 2 9 0 . 0 1 2 8 0 . 0 1 2 8 0 . 0 1 2 7 0 . 0 1 2 6 0 . 0 1 2 5
- 0 . 0 1 3 0 - 0 . 0 1 2 9 - 0 . 0 1 2 8 - 0 . 0 1 2 7 - 0 . 0 1 2 7 - 0 . 0 1 2 6 - 0 . 0 1 2 5
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
0 . 0 1 3 4 0 . 0 1 3 3 0 . 0 1 3 2 0 . 0 1 3 1 0 . 0 1 3 0 0 . 0 1 2 9 0 . 0 1 2 8
- 0 . 0 1 3 4 - 0 . 0 1 3 3 - 0 . 0 1 3 2 - 0 . 0 1 3 1 - 0 . 0 1 3 0 - 0 . 0 1 2 9 - 0 . 0 1 2 8
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
0 . 0 1 3 6 0 . 0 1 3 5 0 . 0 1 3 4 0 . 0 1 3 3 0 . 0 1 3 2 0 . 0 1 3 1 0 . 0 1 3 0
- 0 . 0 1 3 7 - 0 . 0 1 3 6 - 0 . 0 1 3 5 - 0 . 0 1 3 4 - 0 . 0 1 3 3 - 0 . 0 1 3 2 - 0 . 0 1 3 1
- 0 . 0 0 0 1 - 0 . 0 0 0 1 - 0 . 0 0 0 1 - 0 . 0 0 0 1 - 0 . 0 0 0 1 - 0 . 0 0 0 1 0 . 0 0 0 0
C o lu m n s 7 1 t h r o u g h 77
7 1 . 0 0 0 0 7 2 . 0 0 0 0 7 3 . 0 0 0 0 7 4 . 0 0 0 0 7 5 . 0 0 0 0 7 6 . 0 0 0 0 7 7 . 0 0 0 0
C -32
8 9 . 2 2 1 2 9 0 . 4 7 7 9 9 1 . 7 3 4 5 9 2 . 9 9 1 1 9 4 . 2 4 7 8 9 5 . 5 0 4 4 96.
0 . 0 1 2 2 0 . 0 1 2 2 0 . 0 1 2 1 0 . 0 1 2 0 0 . 0 1 2 0 0 . 0 1 2 0 0.
- 0 . 0 1 2 2 - 0 . 0 1 2 2 - 0 . 0 1 2 1 - 0 . 0 1 2 1 - 0 . 0 1 2 1 - 0 . 0 1 2 0 - 0 .
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0.
0 . 0 1 2 5 0 . 0 1 2 4 0 . 0 1 2 3 0 . 0 1 2 3 0 . 0 1 2 2 0 . 0 1 2 2 0.
- 0 . 0 1 2 4 - 0 . 0 1 2 4 - 0 . 0 1 2 3 - 0 . 0 1 2 3 - 0 . 0 1 2 2 - 0 . 0 1 2 1 - 0 .
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0.
0 . 0 1 2 7 0 . 0 1 2 7 0 . 0 1 2 6 0 . 0 1 2 5 0 . 0 1 2 4 0 . 0 1 2 4 0.
- 0 . 0 1 2 7 - 0 . 0 1 2 7 - 0 . 0 1 2 6 - 0 . 0 1 2 5 - 0 . 0 1 2 4 - 0 . 0 1 2 4 - 0 .
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0.
0 . 0 1 2 9 0 . 0 1 2 8 0 . 0 1 2 7 0 . 0 1 2 6 0 . 0 1 2 5 0 . 0 1 2 5 0.
- 0 . 0 1 3 0 - 0 . 0 1 2 9 - 0 . 0 1 2 8 - 0 . 0 1 2 7 - 0 . 0 1 2 6 - 0 . 0 1 2 5 - 0 .
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0.
C o lu m n s 78 t h r o u g h 80
7 8 . 0 0 0 0 7 9 . 0 0 0 0 8 0 . 0 0 0 0
9 8 . 0 1 7 7 9 9 . 2 7 4 3 1 0 0 . 5 3 1 0
0 . 0 1 1 9 0 . 0 1 1 8 0 . 0 1 1 8
- 0 . 0 1 1 9 - 0 . 0 1 1 9 - 0 . 0 1 1 8
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
0 . 0 1 2 0 0 . 0 1 2 0 0 . 0 1 1 9
- 0 . 0 1 2 0 - 0 . 0 1 2 0 - 0 . 0 1 1 9
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
0 . 0 1 2 2 0 . 0 1 2 2 0 . 0 1 2 1
- 0 . 0 1 2 2 - 0 . 0 1 2 2 - 0 . 0 1 2 1
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
0 . 0 1 2 3 0 . 0 1 2 2 0 . 0 1 2 2
- 0 . 0 1 2 4 - 0 . 0 1 2 3 - 0 . 0 1 2 3
0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
ampN =  1 . 0 e + 0 0 3  *
C o lu m n s 1 t h r o u g h  7
0 . 0 0 1 0 0 . 0 0 2 0 0 . 0 0 3 0 0 . 0 0 4 0 0 . 0 0 5 0 0 . 0 0 6 0 0.
0 . 0 0 1 3 0 . 0 0 2 5 0 . 0 0 3 8 0 . 0 0 5 0 0 . 0 0 6 3 0 . 0 0 7 5 0.
0 . 1 2 6 8 0 . 1 2 8 8 0 . 1 5 3 9 0 . 1 4 9 8 0 . 2 0 4 8 0 . 2 3 7 1 0.
- 0 . 1 2 6 7 - 0 . 1 3 1 7 - 0 . 1 2 6 5 - 0 . 1 5 4 4 - 0 . 1 5 9 0 - 0 . 2 1 0 1 - 0 .
0 . 0 0 0 1 - 0 . 0 0 1 4 0 . 0 1 3 7 - 0 . 0 0 2 3 0 . 0 2 2 9 0 . 0 1 3 5 - 0 .
0 . 1 2 6 4 0 . 1 2 8 4 0 . 1 3 6 3 0 . 1 4 5 2 0 . 1 3 4 2 0 . 1 1 6 6 0.
- 0 . 1 2 6 3 - 0 . 1 2 7 8 - 0 . 1 2 3 6 - 0 . 1 0 5 9 - 0 . 0 9 7 4 - 0 . 0 7 7 5 - 0 .
0 . 0 0 0 0 0 . 0 0 0 3 0 . 0 0 6 4 0 . 0 1 9 7 0 . 0 1 8 4 0 . 0 1 9 5 0,
0 . 1 2 6 7 0 . 1 2 9 3 0 . 1 4 9 2 0 . 1 4 7 0 0 . 2 0 3 0 0 . 2 3 8 6 0.
- 0 . 1 2 6 7 - 0 . 1 3 3 4 - 0 . 1 2 9 3 - 0 . 1 5 3 9 - 0 . 1 5 6 6 - 0 . 2 0 7 8 - 0 ,
0 . 0 0 0 0 - 0 . 0 0 2 0 0 . 0 1 0 0 - 0 . 0 0 3 4 0 . 0 2 3 2 0 . 0 1 5 4 0.
0 . 1 2 6 5 0 . 1 2 8 6 0 . 1 3 4 6 0 . 1 4 1 8 0 . 1 4 4 0 0 . 1 3 5 1 0.
- 0 . 1 2 6 4 - 0 . 1 2 8 1 - 0 . 1 2 4 9 - 0 . 1 1 3 0 - 0 . 1 0 5 8 - 0 . 1 0 7 0 - 0
0 . 0 0 0 1 0 . 0 0 0 3 0 . 0 0 4 9 0 . 0 1 4 4 0 . 0 1 9 1 0 . 0 1 4 1 0,
C o lu m n s 8 t h r o u g h  1 4
0 . 0 0 8 0 0 . 0 0 9 0 0 . 0 1 0 0 0 . 0 1 1 0 0 . 0 1 2 0 0 . 0 1 3 0 0
0 . 0 1 0 1 0 . 0 1 1 3 0 . 0 1 2 6 0 . 0 1 3 8 0 . 0 1 5 1 0 . 0 1 6 3 0
0 . 2 9 7 7 0 . 2 8 9 3 0 . 4 6 2 1 0 . 5 6 3 6 0 . 6 0 7 0 0 . 6 0 1 8 0
- 0 . 3 5 9 6 - 0 . 3 5 8 3 - 0 . 5 9 2 0 - 0 . 7 5 7 3 - 0 . 8 6 7 5 - 0 . 9 3 7 8 - 0
- 0 . 0 3 1 0 - 0 . 0 3 4 5 - 0 . 0 6 5 0 - 0 . 0 9 6 8 - 0 . 1 3 0 3 - 0 . 1 6 8 0 - 0
0 . 0 8 5 4 0 . 1 0 6 8 0 . 1 6 3 5 0 . 2 2 5 0 0 . 2 7 2 5 0 . 3 2 2 2 0
- 0 . 0 5 5 3 - 0 . 0 8 0 8 - 0 . 1 4 4 1 - 0 . 2 3 1 7 - 0 . 3 2 5 3 - 0 . 4 1 5 2 - 0
0 . 0 1 5 0 0 . 0 1 3 0 0 . 0 0 9 7 - 0 . 0 0 3 3 - 0 . 0 2 6 4 - 0 . 0 4 6 5 - 0
0 . 4 0 3 6 0 . 4 9 9 1 0 . 4 8 0 5 0 . 4 9 5 1 0 . 5 0 8 5 0 . 5 0 3 7 0
- 0 . 4 1 0 0 - 0 . 5 5 4 3 - 0 . 5 3 5 9 - 0 . 5 5 3 9 - 0 . 5 9 3 1 - 0 . 6 3 2 9 - 0
- 0 . 0 0 3 2 - 0 . 0 2 7 6 - 0 . 0 2 7 7 - 0 . 0 2 9 4 - 0 . 0 4 2 3 - 0 . 0 6 4 6 - 0
0 . 1 3 7 0 0 . 1 1 6 0 0 . 1 1 7 7 0 . 1 5 6 2 0 . 1 9 4 3 0 . 2 2 9 8 0
- 0 . 1 0 3 2 - 0 . 1 0 6 8 - 0 . 1 5 3 0 - 0 . 2 1 7 0 - 0 . 2 8 2 2 - 0 . 3 4 3 9 - 0
0 . 0 1 6 9 0 . 0 0 4 6 - 0 . 0 1 7 6 - 0 . 0 3 0 4 - 0 . 0 4 3 9 - 0 . 0 5 7 0 - 0
C o lu m n s 15 i t h r o u g h 2 1
0 . 0 1 5 0 0 . 0 1 6 0 0 . 0 1 7 0 0 . 0 1 8 0 0 . 0 1 9 0 0 . 0 2 0 0 0
0 . 0 1 8 8 0 . 0 2 0 1 0 . 0 2 1 4 0 . 0 2 2 6 0 . 0 2 3 9 0 . 0 2 5 1
0
0 . 6 9 2 8 0 . 7 6 4 2 0 . 8 2 9 7 0 . 8 9 1 7 0 . 9 5 1 3
1 . 0 0 8 8 1
- 0 . 9 7 1 5 - 0 . 9 6 0 7 - 0 . 9 4 9 5 - 0 . 9 4 3 1 - 0 . 9 4 3 3
- 0 . 9 4 9 7 - 0
- 0 . 1 3 9 3 - 0 . 0 9 8 3 - 0 . 0 5 9 9 - 0 . 0 2 5 7 0 . 0 0 4 0 0 . 0 2 9 5 0
0 . 4 9 6 0 0 . 5 7 5 7 0 . 6 5 0 6 0 . 7 2 2 5 0 . 7 9 3 3 0 . 8 6 3 8 0
- 0 . 5 4 4 3 - 0 . 5 8 2 6 - 0 . 6 1 3 4 - 0 . 6 4 3 2 - 0 . 6 7 5 7 - 0 . 7 1 3 3 - 0
- 0 . 0 2 4 2 - 0 . 0 0 3 4 0 . 0 1 8 6 0 . 0 3 9 7 0 . 0 5 8 8 0 . 0 7 5 3 0
7 6 1 1






0 1 2 3
0 1 2 3  
0000
0 1 2 4




2 8 3 6




0 1 9 8
2 9 3 1
2 7 5 8
0087
1 3 0 9
. 1 0 6 6
0121
. 0 1 4 0  
. 0 1 7 6  
. 6 1 1 9  
. 9 6 9 6  
. 1 7 8 9  
. 4 1 0 3  
. 4 9 0 2  
. 0 3 9 9  
. 4 7 5 8  
. 6643  
. 0 9 4 3  
. 2 8 8 3  
. 3 9 8 6  
. 0 5 5 1
.0210 
. 0 2 6 4  
. 0 6 3 9  
. 9622  
. 0 5 0 9  
. 9 3 4 4  
. 7 5 7 0  
. 0 8 8 7
C -33
0.4576 0.5162 0.5738 0.6296 0.6837 0.7358 0.7861
-0.6833 -0.6909 -0.6911 -0.6882 -0.6851 -0.6845 -0.6882
-0.1128 -0.0873 -0.0587 -0.0293 -0.0007 0.0257 0.0489
0.3494 0.4099 0.4704 0.5317 0.5942 0.6582 0.7244
-0.4426 -0.4763 -0.5028 -0.5259 -0.5490 -0.5757 -0.6091
-0.0466 -0.0332 -0.0162 0.0029 0.0226 0.0412 0.0576
Columns 22 through 28
0.0220 0.0230 0.0240 0.0250 0.0260 0.0270 0.0280
0.0276 0.0289 0.0302 0.0314 0.0327 0.0339 0.0352
1.1158 1.1643 1.2079 1.2467 1.2805 1.3081 1.3305
-0.9797 -1.0010 -1.0253 -1.0510 -1.0770 -1.1026 -1.1267
0.0680 0.0817 0.0913 0.0979 0.1018 0.1028 0.1019
1.0054 1.0759 1.1453 1.2128 1.2776 1.3383 1.3945
-0.8070 -0.8628 -0.9236 -0.9881 -1.0543 -1.1208 -1.1857
0.0992 0.1065 0.1108 0.1124 0.1117 0.1087 0.1044
0.8349 0.8825 0.9294 0.9760 1.0223 1.0687 1.1154
-0.6986 -0.7164 -0.7426 -0.7772 -0.8197 -0.8686 -0.9227
0.0682 0.0830 0.0934 0.0994 0.1013 0.1000 0.0964
0.7932 0.8644 0.9385 1.0153 1.0942 1.1752 1.2566
-0.6516 -0.7043 -0.7681 -0.8414 -0.9222 -1.0087 -1.0986
0.0708 0.0800 0.0852 0.0870 0.0860 0.0832 0.0790
Columns 29 through 35
0.0290 0.0300 0.0310 0.0320 0.0330 0.0340 0.0350
0.0364 0.0377 0.0390 0.0402 0.0415 0.0427 0.0440
1.3476 1.3602 1.3690 1.3747 1.3786 1.3807 1.3824
-1.1486 -1.1685 -1.1859 -1.2015 -1.2155 -1.2281 -1.2402
0.0995 0.0959 0.0915 0.0866 0.0815 0.0763 0.0711
1.4455 1.4910 1.5301 1.5626 1.5894 1.6102 1.6252
-1.2475 -1.3049 -1.3573 -1.4036 -1.4440 -1.4774 -1.5049
0.0990 0.0931 0.0864 0.0795 0.0727 0.0664 0.0602
1.1622 1.2091 1.2554 1.3011 1.3459 1.3880 1.4274
-0.9802 -1.0395 -1.0996 -1.1593 -1.2174 -1.2733 -1.3252
0.0910 0.0848 0.0779 0.0709 0.0642 0.0573 0.0511
1.3378 1.4174 1.4936 1.5649 1.6303 1.6881 1.7368
-1.1900 -1.2808 -1.3689 -1.4531 -1.5306 -1.6002 -1.6606
0.0739 0.0683 0.0624 0.0559 0.0499 0.0440 0.0381
Columns 36 through 42
0.0360 0.0370 0.0380 0.0390 0.0400 0.0410 0.0420
0.0452 0.0465 0.0478 0.0490 0.0503 0.0515 0.0528
1.3836 1.3845 1.3858 1.3866 1.3870 1.3879 1.3874
-1.2518 -1.2635 -1.2747 -1.2850 -1.2945 -1.3031 -1.3109
0.0659 0.0605 0.0556 0.0508 0.0463 0.0424 0.0382
1.6344 1.6393 1.6391 1.6352 1.6284 1.6179 1.6055
-1.5259 -1.5421 -1.5525 -1.5575 -1.5588 -1.5560 -1.5510
0.0543 0.0486 0.0433 0.0389 0.0348 0.0309 0.0272
1.4637 1.4960 1.5229 1.5442 1.5609 1.5735 1.5796
-1.3734 -1.4165 -1.4536 -1.4844 -1.5091 -1.5281 -1.5410
0.0452 0.0398 0.0346 0.0299 0.0259 0.0227 0.0193
1.7752 1.8037 1.8229 1.8327 1.8337 1.8276 1.8156
-1.7105 -1.7497 -1.7780 -1.7961 -1.8047 -1.8050 -1.7987
0.0324 0.0270 0.0224 0.0183 0.0145 0.0113 0.0084
Columns 43 through 49
0.0430 0.0440 0.0450 0.0460 0.0470 0.0480 0.0490
0.0540 0.0553 0.0565 0.0578 0.0591 0.0603 0.0616
1.3866 1.3844 1.3819 1.3777 1.3734 1.3686 1.3629
-1.3179 -1.3232 -1.3268 -1.3292 -1.3307 -1.3308 -1.3296
0.0343 0.0306 0.0275 0.0243 0.0214 0.0189 0.0166
1.5917 1.5771 1.5611 1.5443 1.5276 1.5111 1.4944
-1.5432 -1.5331 -1.5220 -1.5097 -1.4972 -1.4837 -1.4702
0.0242 0.0220 0.0195 0.0173 0.0152 0.0137 0.0121
1.5827 1.5806 1.5761 1.5684 1.5591 1.5476 1.5353
-1.5489 -1.5526 -1.5514 -1.5477 -1.5412 -1.5329 -1.5226
0.0169 0.0140 0.0123 0.0103 0.0089 0.0073 0.0063
1.7990 1.7783 1.7551 1.7309 1.7055 1.6795 1.6534
-1.7871 -1.7711 -1.7514 -1.7303 -1.7072 -1.6834 -1.6591
0.0059 0.0036 0.0018 0.0003 -0.0009 -0.0019 -0.0028
Columns 50 through 56
C -34
0.0500 0.0510 0.0520 0.0530 0.0540 0.0550 0.0560
0.0628 0.0641 0.0653 0.0666 0.0679 0.0691 0.0704
1.3568 1.3500 1.3438 1.3371 1.3306 1.3226 1.3159
-1.3279 -1.3253 -1.3220 -1.3184 -1.3145 -1.3097 -1.3050
0.0144 0.0124 0.0109 0.0094 0.0081 0.0064 0.0054
1.4780 1.4624 1.4469 1.4323 1.4177 1.4035 1.3904
-1.4566 -1.4431 -1.4294 -1.4168 -1.4040 -1.3918 -1.3799
0.0107 0.0097 0.0088 0.0077 0.0068 0.0059 0.0053
1.5211 1.5076 1.4932 1.4790 1.4650 1.4502 1.4364
-1.5110 -1.4992 -1.4863 -1.4731 -1.4594 -1.4460 -1.4334
0.0051 0.0042 0.0035 0.0029 0.0028 0.0021 0.0015
1.6284 1.6031 1.5796 1.5561 1.5338 1.5128 1.4928
-1.6351 -1.6114 -1.5880 -1.5656 -1.5441 -1.5229 -1.5034
-0.0034 -0.0041 -0.0042 -0.0048 -0.0051 -0.0051 -0.0053
Columns 57 through 63
0.0570 0.0580 0.0590 0.0600 0.0610 0.0620 0.0630
0.0716 0.0729 0.0741 0.0754 0.0767 0.0779 0.0792
1.3087 1.3018 1.2945 1.2877 1.2808 1.2738 1.2676
-1.2991 -1.2943 -1.2886 -1.2834 -1.2775 -1.2722 -1.2670
0.0048 0.0037 0.0029 0.0021 0.0017 0.0008 0.0003
1.3776 1.3655 1.3541 1.3428 1.3313 1.3216 1.3119
-1.3681 -1.3572 -1.3460 -1.3360 -1.3263 -1.3163 -1.3074
0.0048 0.0042 0.0040 0.0034 0.0025 0.0026 0.0023
1.4229 1.4093 1.3961 1.3838 1.3715 1.3603 1.3485
-1.4204 -1.4069 -1.3952 -1.3825 -1.3707 -1.3596 -1.3490
0.0013 0.0012 0.0005 0.0007 0.0004 0.0004 -0.0003
1.4733 1.4546 1.4375 1.4211 1.4047 1.3906 1.3759
-1.4843 -1.4664 -1.4489 -1.4321 -1.4166 -1.4015 -1.3876
-0.0055 -0.0059 -0.0057 -0.0055 -0.0060 -0.0055 -0.0058
Columns 64 through 70
0.0640 0.0650 0.0660 0.0670 0.0680 0.0690 0.0700
0.0804 0.0817 0.0829 0.0842 0.0855 0.0867 0.0880
1.2613 1.2540 1.2483 1.2423 1.2367 1.2314 1.2260
-1.2607 -1.2555 -1.2506 -1.2447 -1.2401 -1.2341 -1.2291
0.0003 -0.0008 -0.0011 -0.0012 -0.0017 -0.0014 -0.0016
1.3022 1.2936 1.2845 1.2762 1.2685 1.2613 1.2535
-1.2982 -1.2898 -1.2819 -1.2737 -1.2660 -1.2589 -1.2519
0.0020 0.0019 0.0013 0.0013 0.0013 0.0012 0.0008
1.3381 1.3278 1.3177 1.3082 1.2990 1.2903 1.2816
-1.3382 -1.3275 -1.3179 -1.3085 -1.2991 -1.2911 -1.2824
0.0000 0.0001 -0.0001 -0.0002 -0.0001 -0.0004 -0.0004
1.3632 1.3493 1.3379 1.3266 1.3160 1.3051 1.2955
-1.3737 -1.3611 -1.3485 -1.3369 -1.3261 -1.3153 -1.3054
-0.0053 -0.0059 -0.0053 -0.0052 -0.0050 -0.0051 -0.0050
Columns 71 through 77
0.0710 0.0720 0.0730 0.0740 0.0750 0.0760 0.0770
0.0892 0.0905 0.0917 0.0930 0.0942 0.0955 0.0968
1.2202 1.2153 1.2099 1.2049 1.2007 1.1957 1.1909
-1.2244 -1.2194 -1.2146 -1.2103 -1.2054 -1.2010 -1.1965
-0.0021 -0.0021 -0.0024 -0.0027 -0.0023 -0.0026 -0.0028
1.2464 1.2398 1.2332 1.2271 1.2210 1.2154 1.2101
-1.2447 -1.2386 -1.2322 -1.2257 -1.2205 -1.2146 -1.2092
0.0008 0.0006 0.0005 0.0007 0.0002 0.0004 0.0004
1.2734 1.2654 1.2581 1.2512 1.2440 1.2376 1.2314
-1.2741 -1.2663 -1.2589 -1.2518 -1.2445 -1.2381 -1.2311
-0.0004 -0.0004 -0.0004 -0.0003 -0.0003 -0.0003 0.0001
1.2863 1.2769 1.2687 1.2604 1.2526 1.2453 1.2378
-1.2962 -1.2866 -1.2783 -1.2697 -1.2619 -1.2541 -1.2467
-0.0050 -0.0048 -0.0048 -0.0046 -0.0047 -0.0044 -0.0045
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: value = 0.0157
; point = 31
0.0139 0.0164 0.0158 0.0183
41 37 43 40
-0.0133 -0.0156 -0.0155 -0.0181
48 40 44 41
value 0.0135 0.0160 0.0157
xw amplitude_point - 45 39
reaction value — 1.0e+003 *
1.3879 1.6393 1.5827 1.8337
reaction_point = 41 37 43
reaction_value = 1.0e+003 *
’1.3308 -1.5588 -1.5526 -1.8050





















Result 2 of Program “ampi”
" ampl_z Result of Program "ampi" under condition: J12=0, L=2.5, al=0, 
ampi =
Columns 1 through 7
1.0000 2.0000 3.0000 4.0000 5.0000 6.0000 7.0000
2.5133 5.0265 7.5398 10.0531 12.5664 15.0796 17.5929
0.0117 0.0191 0.0483 0.0975 0.0195 0.0007 -0.0038
-0.0118 -0.0232 -0.0547 -0.1024 -0.0315 -0.0138 -0.0104
0.0000 -0.0021 -0.0032 -0.0025 -0.0060 -0.0065 -0.0071
0.0291 0.1343 0.3773 1.0025 0.3190 0.1087 0.0571
-0.0309 -0.0881 -0.3995 -1.0071 -0.3226 -0.1107 -0.0578
-0.0009 0.0231 -0.0111 -0.0023 -0.0018 -0.0010 -0.0003
0.0743 0.7958 2.8367 10.1020 4.0511 1.6746 1.0279
-0.0743 -0.6634 -3.0614 -10.1019 -4.0149 -1.6288 -0.9943
0.0000 0.0662 -0.1124 0.0000 0.0181 0.0229 0.0168
Columns 8 through 14
8.0000 9.0000 10.0000 11.0000 12.0000 13.0000 14.0000
20.1062 22.6195 25.1327 27.6460 30.1593 32.6726 35.1858
-0.0062 -0.0079 -0.0094 -0.0108 -0.0121 -0.0134 -0.0144
-0.0097 -0.0101 -0.0109 -0.0119 -0.0130 -0.0141 -0.0150
-0.0080 -0.0090 -0.0102 -0.0114 -0.0126 -0.0137 -0.0147
0.0354 0.0246 0.0185 0.0149 0.0123 0.0104 0.0091
-0.0354 -0.0246 -0.0187 -0.0151 -0.0127 -0.0109 -0.0094
0.0000 0.0000 -0.0001 -0.0001 -0.0002 -0.0002 -0.0001
0.7221 0.5578 0.4650 0.4095 0.3717 0.3420 0.3176
-0.7075 -0.5593 -0.4720 -0.4151 -0.3738 -0.3396 -0.3116
0.0073 -0.0007 -0.0035 -0.0028 -0.0011 0.0012 0.0030
Columns 15 through 21
15.0000 16.0000 17.0000 18.0000 19.0000 20.0000 21.0000
37.6991 40.2124 42.7257 45.2389 47.7522 50.2655 52.7788
-0.0153 -0.0160 -0.0163 -0.0164 -0.0163 -0.0159 -0.0153
-0.0158 -0.0164 -0.0168 -0.0169 -0.0167 -0.0164 -0.0159
-0.0156 -0.0162 -0.0166 -0.0167 -0.0165 -0.0161 -0.0156
0.0081 0.0072 0.0065 0.0059 0.0052 0.0049 0.0020
-0.0084 -0.0076 -0.0066 -0.0058 -0.0051 -0.0043 -0.0053
-0.0001 -0.0002 0.0000 0.0000 0.0001 0.0003 -0.0016
0.2947 0.2705 0.2502 0.2273 0.2052 0.1861 0.1703
-0.2842 -0.2561 -0.2364 -0.2144 -0.1917 -0.1729 -0.1662
0.0053 0.0072 0.0069 0.0065 0.0067 0.0066 0.0021
Columns 22 through 28
22.0000 23.0000 24.0000 25.0000 26.0000 27.0000 28.0000
55.2920 57.8053 60.3186 62.8319 65.3451 67.8584 70.3717
-0.0147 -0.0141 -0.0134 -0.0129 -0.0123 -0.0117 -0.0112
-0.0152 -0.0145 -0.0139 -0.0132 -0.0126 -0.0120 -0.0115
-0.0150 -0.0143 -0.0137 -0.0131 -0.0125 -0.0119 -0.0114
0.0029 0.0012 0.0015 0.0012 0.0004 0.0004 0.0006
-0.0048 -0.0039 -0.0041 -0.0031 -0.0024 -0.0023 -0.0022
-0.0010 -0.0014 -0.0013 -0.0010 -0.0010 -0.0009 -0.0008
0.1371 0.1281 0.1214 0.1029 0.0857 0.0769 0.0713
-0.1484 -0.1240 -0.1185 -0.0980 -0.0803 -0.0769 -0.0677
-0.0057 0.0020 0.0014 0.0024 0.0027 ' 0.0000 0.0018
Columns 29 through 35
29.0000 30.0000 31.0000 32.0000 33.0000 34.0000 35.0000
72.8849 75.3982 77.9115 80.4248 82.9380 85.4513 87.9646
-0.0108 -0.0103 -0.0099 -0.0095 -0.0092 -0.0089 -0.0086
-0.0110 -0.0105 -0.0101 -0.0097 -0.0093 -0.0090 -0.0087
-0.0109 -0.0104 -0.0100 -0.0096 -0.0092 -0.0089 -0.0086
0.0006 0.0005 0.0005 0.0003 0.0002 0.0005 0.0002
-0.0018 -0.0015 -0.0014 -0.0013 -0.0011 -0.0010 -0.0009
-0.0006 -0.0005 -0.0004 -0.0005 -0.0004 -0.0002 -0.0003
0.0628 0.0561 0.0485 0.0462 0.0409 0.0372 0.0331
-0.0582 -0.0545 -0.0478 -0.0422 -0.0399 -0.0362 -0.0312
0.0023 0.0008 0.0003 0.0020 0.0005 0.0005 0.0010
a2=0
C -38
Columns 36 through 42
36.0000 37.0000 38.0000 39.0000 40.0000 41.0000 42.0000
90.4779 92.9911 95.5044 98.0177 100.5310 103.0442 105.5575
-0.0082 -0.0080 -0.0077 -0.0075 -0.0073 -0.0071 -0.0069
-0.0084 -0.0081 -0.0078 -0.0076 -0.0074 -0.0072 -0.0070
-0.0083 -0.0080 -0.0078 -0.0076 -0.0073 -0.0072 -0.0070
0.0000 0.0002 0.0002 0.0003 0.0003 0.0010 0.0009
-0.0012 -0.0008 -0.0007 -0.0010 -0.0006 -0.0003 -0.0005
-0.0006 -0.0003 -0.0002 -0.0003 -0.0002 0.0003 0.0002
0.0341 0.0285 0.0257 0.0275 0.0228 0.0262 0.0257
-0.0334 -0.0277 -0.0249 -0.0249 -0.0222 -0.0166 -0.0131
0.0004 0.0004 0.0004 0.0013 0.0003 0.0048 0.0063
Columns 43 through 49
43.0000 44.0000 45.0000 46.0000 47.0000 48.0000 49.0000
108.0708 110.5841 113.0973 115.6106 118.1239 120.6372 123.1504
-0.0067 -0.0066 -0.0064 -0.0062 -0.0061 -0.0059 -0.0058
-0.0068 -0.0066 -0.0065 -0.0063 -0.0062 -0.0061 -0.0059
-0.0068 -0.0066 -0.0064 -0.0063 -0.0061 -0.0060 -0.0058
0.0010 0.0010 0.0009 0.0008 0.0008 0.0015 0.0007
-0.0006 -0.0004 -0.0005 -0.0005 -0.0004 -0.0003 -0.0008
0.0002 0.0003 0.0002 0.0001 0.0002 0.0006 -0.0001
0.0246 0.0242 0.0230 0.0200 0.0198 0.0257 0.0191
-0.0101 -0.0126 -0.0092 -0.0112 -0.0095 -0.0086 -0.0058
0.0073 0.0058 0.0069 0.0044 0.0052 0.0086 0.0066
Columns 50 through 56
50.0000 51.0000 52.0000 53.0000 54.0000 55.0000 56.0000
125.6637 128.1770 130.6903 133.2035 135.7168 138.2301 140.7434
-0.0057 -0.0055 -0.0054 -0.0053 -0.0052 -0.0051 -0.0050
-0.0057 -0.0056 -0.0055 -0.0054 -0.0053 -0.0052 -0.0050
-0.0057 -0.0056 -0.0054 -0.0053 -0.0052 -0.0051 -0.0050
0.0007 0.0009 0.0000 0.0007 0.0006 0.0007 0.0005
-0.0004 -0.0004 -0.0010 -0.0004 -0.0003 -0.0005 -0.0003
0.0002 0.0003 -0.0005 0.0001 0.0002 0.0001 0.0001
0.0172 0.0176 0.0161 0.0151 0.0140 0.0151 0.0120
-0.0068 -0.0079 -0.0054 -0.0047 -0.0065 -0.0042 -0.0059
0.0052 0.0048 0.0053 0.0052 0.0038 0.0054 0.0031
Columns 57 through 60
57.0000 58.0000 59.0000 60.0000
143.2566 145.7699 148.2832 150.7964
-0.0049 -0.0048 -0.0047 -0.0046
-0.0050 -0.0049 -0.0048 -0.0047
-0.0049 -0.0048 -0.0047 -0.0047
0.0006 0.0006 0.0005 0.0005
-0.0003 -0.0003 -0.0004 -0.0003
0.0001 0.0001 0.0001 0.0001
0.0129 0.0118 0.0116 0.0116
-0.0045 -0.0035 -0.0044 -0.0035
0.0042 0.0041 0.0036 0.0041
mp2
Columns 1 through '7
1.0000 2.0000 3.0000 4.0000 5.0000 6.0000 7.0000
2.5133 5.0265 7.5398 10.0531 12.5664 15.0796 17.5929
0.0110 0.0145 0.0179 -0.0013 0.0090 0.0029 -0.0001
-0.0111 -0.0159 -0.0266 -0.0037 -0.0206 -0.0156 -0.0138
0.0000 -0.0007 -0.0044 -0.0025 -0.0058 -0.0063 -0.0070
0.0276 0.0756 0.1836 0.0176 0.1954 0.1456 0.1227
-0.0282 -0.0770 -0.1555 -0.0092 -0.1764 -0.1339 -0.1167
-0.0003 -0.0007 0.0141 0.0042 0.0095 0.0059 0.0030
0.0683 0.3788 1.4573 0.2482 2.3166 1.9685 1.9128
-0.0700 -0.3901 -1.1873 -0.2105 -2.4924 -2.3035 -2.3322
-0.0009 -0.0056 0.1350 0.0189 -0.0879 -0.1675 -0.2097
Columns 8 through :14
8.0000 9.0000 10.0000 11.0000 12.0000 13.0000 14.0000
20.1062 22.6195 25.1327 27.6460 30.1593 32.6726 35.1858
-0.0025 -0.0045 -0.0063 -0.0078 -0.0093 -0.0106 -0.0119
C -39
-0.0133 -0.0135 -0.0141 -0.0150 -0.0159 -0.0167 -0.0175
-0.0079 -0.0090 -0.0102 -0.0114 -0.0126 -0.0137 -0.0147
0.1064 0.0990 0.0997 0.1034 0.1071 0.1095 0.1105
-0.1055 -0.0984 -0.0946 -0.0931 -0.0928 -0.0928 -0.0926
0.0005 0.0003 0.0025 0.0051 0.0071 0.0083 0.0090
2.1130 2.3660 2.6215 2.8651 3.0915 3.2953 3.4714
-2.3515 -2.3780 -2.4645 -2.6441 -2.9130 -3.2355 -3.5663
-0.1192 -0.0060 0.0785 0.1105 0.0892 0.0299 -0.0474
Columns 15 through 21
15.0000 16.0000 17.0000 18.0000 19.0000 20.0000 21.0000
37.6991 40.2124 42.7257 45.2389 47.7522 50.2655 52.7788
-0.0129 -0.0137 -0.0143 -0.0146 -0.0147 -0.0145 -0.0142
-0.0182 -0.0186 -0.0187 -0.0186 -0.0182 -0.0176 -0.0170
-0.0155 -0.0162 -0.0165 -0.0166 -0.0164 -0.0161 -0.0156
0.1100 0.1080 0.1043 0.0996 0.0935 0.0867 0.0800
-0.0918 -0.0901 -0.0874 -0.0836 -0.0788 -0.0736 -0.0674
0.0091 0.0089 0.0085 0.0080 0.0073 0.0066 0.0063
3.6109 3.7037 3.7415 3.7194 3.6435 3.5238 3.3776
-3.8718 -4.1232 -4.3003 -4.3933 -4.4023 -4.3418 -4.2290
-0.1304 -0.2098 -0.2794 -0.3370 -0.3794 -0.4090 -0.4257
Columns 22 through 28
22.0000 23.0000 24.0000 25.0000 26.0000 27.0000 28.0000
55.2920 57.8053 60.3186 62.8319 65.3451 67.8584 70.3717
-0.0137 -0.0132 -0.0127 -0.0122 -0.0117 -0.0112 -0.0108
-0.0162 -0.0154 -0.0146 -0.0139 -0.0131 -0.0125 -0.0119
-0.0150 -0.0143 -0.0137 -0.0130 -0.0124 -0.0119 -0.0113
0.0732 0.0667 0.0608 0.0555 0.0508 0.0465 0.0428
-0.0621 -0.0571 -0.0525 -0.0478 -0.0440 -0.0406 -0.0375
0.0055 0.0048 0.0042 0.0039 0.0034 0.0029 0.0026
3.2127 3.0431 2.8842 2.7283 2.5822 2.4512 2.3285
-4.0844 -3.9236 -3.7564 -3.5935 -3.4348 -3.2852 -3.1456
-0.4358 -0.4403 -0.4361 -0.4326 -0.4263 -0.4170 -0.4086
Columns 29 through 35
29.0000 30.0000 31.0000 32.0000 33.0000 34.0000 35.0000
72.8849 75.3982 77.9115 80.4248 82.9380 85.4513 87.9646
-0.0104 -0.0100 -0.0096 -0.0092 -0.0089 -0.0086 -0.0083
-0.0114 -0.0109 -0.0104 -0.0100 -0.0096 -0.0092 -0.0089
-0.0109 -0.0104 -0.0100 -0.0096 -0.0092 -0.0089 -0.0086
0.0394 0.0364 0.0337 0.0314 0.0293 0.0273 0.0256
-0.0347 -0.0321 -0.0299 -0.0279 -0.0261 -0.0244 -0.0229
0.0024 0.0022 0.0019 0.0018 0.0016 0.0014 0.0013
2.2155 2.1133 2.0184 1.9325 1.8542 1.7800 1.7122
-3.0157 -2.8950 -2.7814 -2.6779 -2.5810 -2.4909 -2.4067
-0.4001 -0.3909 -0.3815 -0.3727 -0.3634 -0.3554 -0.3473
Columns 36 through 42
36.0000 37.0000 38.0000 39.0000 40.0000 41.0000 42.0000
90.4779 92.9911 95.5044 98.0177 100.5310 103.0442 105.5575
-0.0081 -0.0078 -0.0076 -0.0073 -0.0071 -0.0069 -0.0067
-0.0086 -0.0083 -0.0080 -0.0077 -0.0075 -0.0073 -0.0071
-0.0083 -0.0080 -0.0078 -0.0075 -0.0073 -0.0071 -0.0069
0.0240 0.0226 0.0212 0.0201 0.0190 0.0177 0.0168
-0.0216 -0.0203 -0.0192 -0.0182 -0.0172 -0.0164 -0.0157
0.0012 0.0011 0.0010 0.0010 0.0009 0.0007 0.0006
1.6500 1.5908 1.5375 1.4861 1.4395 1.3948 1.3535
-2.3282 -2.2544 -2.1856 -2.1222 -2.0599 -2.0027 -1.9481
-0.3391 -0.3318 -0.3240 -0.3180 -0.3102 -0.3039 -0.2973
Columns 43 through 49
43.0000 44.0000 45.0000 46.0000 47.0000 48.0000 49.0000
108.0708 110.5841 113.0973 115.6106 118.1239 120.6372 123.1504
-0.0066 -0.0064 -0.0062 -0.0061 -0.0060 -0.0058 -0.0057
-0.0069 -0.0067 -0.0065 -0.0063 -0.0062 -0.0060 -0.0059
-0.0067 -0.0065 -0.0064 -0.0062 -0.0061 -0.0059 -0.0058
0.0159 0.0152 0.0144 0.0138 0.0131 0.0126 0.0120
-0.0149 -0.0142 -0.0136 -0.0129 -0.0123 -0.0119 -0.0114
0.0005 0.0005 0.0004 0.0004 0.0004 0.0004 0.0003
1.3146 1.2788 1.2440 1.2098 1.1799 1.1505 1.1224
-1.8996 -1.8470 -1.8028 -1.7594 -1.7169 -1.6771 -1.6387
C -40
-0.2925 -0.2841 -0.2794





























































Columns 22 through 28
22.0000 23.0000 24.0000
-0.2748 -0.2685 -0.2633 -0
53.0000 54.0000 55.0000 56
133.2035 135.7168 138.2301 140
-0.0052 -0.0051 -0.0050 -0
-0.0054 -0.0053 -0.0052 -0
-0.0053 -0.0052 -0.0051 -0
0.0101 0.0097 0.0094 0
-0.0096 -0.0093 -0.0089 -0
0.0002 0.0002 0.0002 0
1.0244 1.0014 0.9803 0
-1.5054 -1.4766 -1.4475 -1












4.0000 5.0000 6.0000 7
10.0531 12.5664 15.0796 17
0.0009 0.0020 0.0013 0
-0.0015 -0.0032 -0.0031 -0
-0.0003 -0.0006 -0.0009 -0
0.0141 0.0315 0.0303 0
-0.0103 -0.0339 -0.0362 -0
0.0019 -0.0012 -0.0030 -0
0.1789 0.4747 0.5262 0
-0.1288 -0.4431 -0.5450 -0
0.0250 0.0158 -0.0094 -0
11.0000 12.0000 13.0000 14
27.6460 30.1593 32.6726 35
-0.0018 -0.0021 -0.0022 -0
-0.0032 -0.0033 -0.0032 -0
-0.0025 -0.0027 -0.0027 -0
0.0219 0.0205 0.0183 0
-0.0202 -0.0186 -0.0161 -0
0.0008 0.0009 0.0011 0
0.5518 0.6373 0.8155 0
-0.5543 -0.5587 -0.5413 -0
-0.0012 0.0393 0.1371 0
18.0000 19.0000 20.0000 21
45.2389 47.7522 50.2655 52
-0.0017 -0.0016 -0.0014 -0
-0.0018 -0.0017 -0.0017 -0
-0.0018 -0.0016 -0.0015 -0
0.0020 0.0038 0.0049 0
-0.0011 -0.0039 -0.0061 -0
0.0004 -0.0001 -0.0006 -0
0.3587 0.3660 0.4002 0
-0.1315 -0.2596 -0.4018 -0
0.1136 0.0532 -0.0008 -0
















































55.2920 57.8053 60.3186 62
-0.0014 -0.0014 -0.0014 -0
-0.0016 -0.0017 -0.0017 -0
-0.0015 -0.0015 -0.0015 -0
0.0060 0.0064 0.0065 0
-0.0086 -0.0091 -0.0093 -0
-0.0013 -0.0014 -0.0014 -0
0.4500 0.5130 0.5590 0
-0.6452 -0.7132 -0.7592 -0
-0.0976 -0.1001 -0.1001 -0
Columns 29 through 35
29.0000 30.0000 31.0000 32
72.8849 75.3982 77.9115 80
-0.0014 -0.0014 -0.0014 -0
-0.0016 -0.0016 -0.0016 -0
-0.0015 -0.0015 -0.0015 -0
0.0065 0.0064 0.0062 0
-0.0081 -0.0077 -0.0073 -0
-0.0008 -0.0007 -0.0006 -0
0.6035 0.5949 0.5836 0
-0.7687 -0.7522 -0.7345 -0
-0.0826 -0.0786 -0.0755 -0
Columns 36 through 42
36.0000 37.0000 38.0000 39
90.4779 92.9911 95.5044 98
-0.0013 -0.0013 -0.0013 -0
-0.0015 -0.0014 -0.0014 -0
-0.0014 -0.0014 -0.0014 -0
0.0052 0.0050 0.0048 0
-0.0057 -0.0054 -0.0052 -0
-0.0002 -0.0002 -0.0002 -0
0.5073 0.4910 0.4798 0
-0.6475 -0.6303 -0.6152 -0
-0.0701 -0.0697 -0.0677 -0
Columns 43 through 49
43.0000 44.0000 45.0000 46
108.0708 110.5841 113.0973 115
-0.0012 -0.0012 -0.0012 -0
-0.0013 -0.0013 -0.0012 -0
-0.0012 -0.0012 -0.0012 -0
0.0040 0.0037 0.0037 0
-0.0041 -0.0039 -0.0037 -0
0.0000 -0.0001 0.0000 0
0.4071 0.3946 0.3839 0
-0.5496 -0.5325 -0.5256 -0
-0.0712 -0.0689 -0.0709 -0
Columns 50 through 56
50.0000 51.0000 52.0000 53
125.6637 128.1770 130.6903 133
-0.0011 -0.0011 -0.0011 -0
-0.0011 -0.0011 -0.0011 -0
-0.0011 -0.0011 -0.0011 -0
0.0030 0.0029 0.0029 0
-0.0030 -0.0030 -0.0028 -0
0.0000 0.0000 0.0000 0
0.3300 0.3331 0.3283 0
-0.4695 -0.4623 -0.4506 -0
-0.0698 -0.0646 -0.0612 -0
Columns 57 through 60
57.0000 58.0000 59.0000 60
143.2566 145.7699 148.2832 150
-0.0010 -0.0010 -0.0009 -0
-0.0010 -0.0010 -0.0010 -0
-0.0010 -0.0010 -0.0010 -0
0.0024 0.0023 0.0022 0
-0.0024 -0.0023 -0.0022 -0






















































































































0 . 2 8 9 4 0 . 2 8 4 7 0 . 2 7 7 1 0
- 0 . 4 1 1 1 - 0 . 4 0 4 4 - 0 . 4 0 0 7 - 0
- 0 . 0 6 0 8 - 0 . 0 5 9 9 - 0 . 0 6 1 8 - 0
amp 4 =
C o lu m n s 1 t h r o u g h  7
1 . 0 0 0 0 2 . 0 0 0 0 3 . 0 0 0 0 4










C o lu m n s 8 t h r o u g h  14
8 . 0 0 0 0 9 . 0 0 0 0 1 0 . 0 0 0 0 1 1










C o lu m n s 1 5 t h r o u g h 2 1
1 5 . 0 0 0 0 1 6 . 0 0 0 0 1 7 . 0 0 0 0 1 8










C o lu m n s 22 t h r o u g h 28
2 2 . 0 0 0 0 2 3 . 0 0 0 0 2 4 . 0 0 0 0 2 5










C o lu m n s 29 t h r o u g h 35
2 9 . 0 0 0 0 3 0 . 0 0 0 0 3 1 . 0 0 0 0 32










5 . 0 0 0 0 6 . 0 0 0 0 7 . 0 0 0 0










1 2 . 0 0 0 0 1 3 . 0 0 0 0 1 4 . 0 0 0 0










1 9 . 0 0 0 0 2 0 . 0 0 0 0 2 1 . 0 0 0 0










2 6 . 0 0 0 0 2 7 . 0 0 0 0 2 8 . 0 0 0 0










3 3 . 0 0 0 0 3 4 . 0 0 0 0 3 5 . 0 0 0 0










2 6 2 5
3 9 1 0
064 3
0000






















































C o l u m n s  3 6 t h r o u g h  42
C -43
36.0000 37.0000 38.0000 39










Columns 43 through 49
43.0000 44.0000 45.0000 46










Columns 50 through 56
50.0000 51.0000 52.0000 53










Columns 57 through 60
57.0000 58.0000 59.0000 60











Columns 1 through '7
1.0000 2.0000 3.0000 4
2.5133 5.0265 7.5398 10
0.0102 0.0112 0.0133 0
-0.0102 -0.0112 -0.0123 -0
0.0000 0.0000 0.0005 -0
0.0257 0.0563 0.1167 0
-0.0257 -0.0559 -0.0960 -0
0.0000 0.0002 0.0103 0
0.0652 0.2896 0.7389 1
-0.0647 -0.2882 -0.8814 -0
0.0003 0.0007 -0.0712 0
Columns 8 through 14
8.0000 9.0000 10.0000 11
20.1062 22.6195 25.1327 27
0.0094 0.0095 0.0103 0













































































































-0.0016 -0.0015 -0.0011 -0.0006 -0.0003 -0.0001 0.00010.2665 0.3222 0.3704 0.4118 0.4460 0.4722 0.4901-0.2289 -0.2409 -0.2569 -0.2766 -0.2988 -0.3215 -0.34240.0188 0.0407 0.0567 0.0676 0.0736 0.0753 0.07398.2455 9.7709 11.3013 12.8366 14.3224 15.7004 16.9273-4.1504 -6.9343 -9.9962 -13.0936 -16.0955 -18.9165 -21.4426
2.0476 1.4183 0.6526 -0.1285 -0.8865 -1.6080 -2.2577
Columns 15 through 21
15.0000 16.0000 17.0000 18.0000 19.0000 20.0000 21.0000
37.6991 40.2124 42.7257 45.2389 47.7522 50.2655 52.7788
0.0115 0.0111 0.0106 0.0100 0.0094 0.0087 0.0081
-0.0110 -0.0105 -0.0099 -0.0093 -0.0087 -0.0081 -0.0075
0.0002 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003
0.4999 0.5030 0.5001 0.4923 0.4806 0.4658 0.4491
-0.3601 -0.3737 -0.3827 -0.3871 -0.3870 -0.3831 -0.3755
0.0699 0.0647 0.0587 0.0526 0.0468 0.0414 0.0368
17.9681 18.8369 19.5220 20.0605 20.4563 20.7020 20.8240
-23.6316 •-25.4550 -26.7679 -27.8512 -28.7993 -29.1131 -29.1545
-2.8317 -3.3091 -3.6229 -3.8954 -4.1715 -4.2056 -4.1652
Columns 22 through 28
22.0000 23.0000 24.0000 25.0000 26.0000 27.0000 28.0000
55.2920 57.8053 60.3186 62.8319 65.3451 67.8584 70.3717
0.0075 0.0069 0.0063 0.0058 0.0054 0.0050 0.0046
-0.0069 -0.0064 -0.0059 -0.0054 -0.0050 -0.0046 -0.0043
0.0003 0.0003 0.0002 0.0002 0.0002 0.0002 0.0002
0.4310 0.4127 0.3947 0.3774 0.3610 0.3456 0.3311
-0.3660 -0.3551 -0.3436 -0.3321 -0.3202 -0.3090 -0.2983
0.0325 0.0288 0.0256 0.0227 0.0204 0.0183 0.0164
20.8810 20.8508 20.7784 20.6583 20.5489 20.4202 20.3110
-29.3618 -29.2074 -29.1067 -28.7494 -28.3902 -28.2829 -28.0175
-4.2404 -4.1783 -4.1642 -4.0455 -3.9206 -3.9314 -3.8532
Columns 29 through 35
29.0000 30.0000 31.0000 32.0000 33.0000 34.0000 35.0000
72.8849 75.3982 77.9115 80.4248 82.9380 85.4513 87.9646
0.0043 0.0040 0.0037 0.0035 0.0033 0.0031 0.0029
-0.0040 -0.0037 -0.0035 -0.0033 -0.0030 -0.0029 -0.0027
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
0.3175 0.3048 0.2932 0.2823 0.2719 0.2625 0.2537
-0.2880 -0.2782 -0.2690 -0.2601 -0.2519 -0.2442 -0.2369
0.0148 0.0133 0.0121 0.0111 0.0100 0.0092 0.0084
20.1750 20.0641 19.9432 19.8382 19.7532 19.6581 19.5833
-27.6654 -27.3771 -27.1564 -26.8693 -26.5572 -26.3677 -26.0731
-3.7452 -3.6565 -3.6066 -3.5155 -3.4020 -3.3548 -3.2449
Columns 36 through 42
36.0000 37.0000 38.0000 39.0000 40.0000 41.0000 42.0000
90.4779 92.9911 95.5044 98.0177 100.5310 103.0442 105.5575
0.0027 0.0026 0.0024 0.0023 0.0022 0.0021 0.0019
-0.0025 -0.0024 -0.0023 -0.0022 -0.0020 -0.0019 -0.0018
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
0.2456 0.2377 0.2305 0.2235 0.2173 0.2109 0.2052
-0.2299 -0.2233 -0.2173 -0.2114 -0.2058 -0.2005 -0.1955
0.0079 0.0072 0.0066 0.0061 0.0058 0.0052 0.0049
19.5166 19.4440 19.3922 19.3221 19.2800 19.2417 19.2000
-25.8488 -25.7693 -25.4652 -25.3385 -25.1733 -24.7503 -24.8189
-3.1661 -3.1626 -3.0365 -3.0082 -2.9466 -2.7543 -2.8095
Columns 43 through 49
43.0000 44.0000 45.0000 46.0000 47.0000 48.0000 49.0000
108.0708 110.5841 113.0973 115.6106 118.1239 120.6372 123.1504
0.0019 0.0018 0.0017 0.0016 0.0015 0.0015 0.0014
-0.0018 -0.0017 -0.0016 -0.0015 -0.0015 -0.0014 -0.0013
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.1997 0.1946 0.1898 0.1850 0.1807 0.1765 0.1723
-0.1908 -0.1862 -0.1819 -0.1777 -0.1737 -0.1700 -0.1661
0.0045 0.0042 0.0040 0.0037 0.0035 0.0032 0.0031
19.1647 19.1311 19.1099 19.0824 19.0642 19.0428 19.0136
-24.6510 -24.6299 -24.4350 -24.3744 -24.2063 -24.1220 -23.7366
-2.7432 -2.7494 -2.6625 -2.6460 -2.5710 -2.5396 -2.3615
C -45
Columns 50 through 56
50.0000 51.0000 52.0000 53.0000 54.0000 55.0000 56.0000
125.6637 128.1770 130.6903 133.2035 135.7168 138.2301 140.7434
0.0014 0.0013 0.0012 0.0012 0.0012 0.0011 0.0011
-0.0013 -0.0012 -0.0012 -0.0011 -0.0011 -0.0011 -0.0010
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.1683 0.1646 0.1614 0.1582 0.1552 0.1520 0.1491
-0.1628 -0.1594 -0.1564 -0.1535 -0.1504 -0.1476 -0.1449
0.0027 0.0026 0.0025 0.0023 0.0024 0.0022 0.0021
18.9851 18.9662 18.9647 18.9630 18.9473 18.9388 18.9396
-23.6684 -23.5775 -23.7648 -23.6751 -23.5600 -23.5103 -23.4424
-2.3416 -2.3056 -2.4001 -2.3560 -2.3063 -2.2857 -2.2514
Columns 57 through 60
57.0000 58.0000 59.0000 60.0000
143.2566 145.7699 148.2832 150.7964
0.0010 0.0010 0.0010 0.0009
-0.0010 -0.0010 -0.0009 -0.0009
0.0000 0.0000 0.0000 0.0000
0.1461 0.1433 0.1409 0.1383
-0.1422 -0.1396 -0.1373 -0.1349
0.0019 0.0018 0.0018 0.0017
18.9397 18.9348 18.9226 18.9204
-23.3580 -23.1205 -23.1436 -23.1026
-2.2092 -2.0928 -2.1105 -2.0911
amp 6 =
Columns 1 through 7
1.0000 2.0000 3.0000 4.0000 5.0000 6.0000 7.0000
2.5133 5.0265 7.5398 10.0531 12.5664 15.0796 17.5929
0.0102 0.0112 0.0133 0.0083 0.0128 0.0113 0.0102
-0.0102 -0.0112 -0.0123 -0.0092 -0.0119 -0.0125 -0.0127
0.0000 0.0000 0.0005 -0.0004 0.0005 -0.0006 -0.0013
0.0257 0.0563 0.1167 0.0885 0.1390 0.1378 0.2007
-0.0257 -0.0559 -0.0960 -0.0879 -0.1776 -0.1982 -0.2181
0.0000 0.0002 0.0103 0.0003 -0.0193 -0.0302 -0.0087
0.0652 0.2896 0.7389 1.3049 3.1572 4.8296 6.6284
-0.0647 -0.2882 -0.8814 -0.8614 -2.4004 -2.9193 -3.4869
0.0003 0.0007 -0.0712 0.2218 0.3784 0.9552 1.5707
Columns 8 through 14
8.0000 9.0000 10.0000 11.0000 12.0000 13.0000 14.0000
20.1062 22.6195 25.1327 27.6460 30.1593 32.6726 35.1858
0.0094 0.0095 0.0103 0.0110 0.0115 0.0118 0.0117
-0.0126 -0.0125 -0.0124 -0.0123 -0.0122 -0.0119 -0.0115
-0.0016 -0.0015 -0.0011 -0.0006 -0.0003 -0.0001 0.0001
0.2665 0.3222 0.3704 0.4118 0.4460 0.4722 0.4901
-0.2289 -0.2409 -0.2569 -0.2766 -0.2988 -0.3215 -0.3424
0.0188 0.0407 0.0567 0.0676 0.0736 0.0753 0.0739
8.2455 9.7709 11.3013 12.8366 14.3224 15.7004 16.9273
-4.1504 -6.9343 -9.9962 -13.0936 -16.0955 -18.9165 -21.4426
2.0476 1.4183 0.6526 -0.1285 -0.8865 -1.6080 -2.2577
Columns 15 through 21
15.0000 16.0000 17.0000 18.0000 19.0000 20.0000 21.0000
37.6991 40.2124 42.7257 45.2389 47.7522 50.2655 52.7788
0.0115 0.0111 0.0106 0.0100 0.0094 0.0087 0.0081
-0.0110 -0.0105 -0.0099 -0.0093 -0.0087 -0.0081 -0.0075
0.0002 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003
0.4999 0.5030 0.5001 0.4923 0.4806 0.4658 0.4491
-0.3601 -0.3737 -0.3827 -0.3871 -0.3870 -0.3831 -0.3755
0.0699 0.0647 0.0587 0.0526 0.0468 0.0414 0.0368
17.9681 18.8369 19.5220 20.0605 20.4563 20.7020 20.8240
-23.6316 -25.4550 -26.7679 -27.8512 -28.7993 -29.1131 -29.1545
-2.8317 -3.3091 -3.6229 -3.8954 -4.1715 -4.2056 -4.1652
Columns 22 through 28
22.0000 23.0000 24.0000 25.0000 26.0000 27.0000 28.0000
55.2920 57.8053 60.3186 62.8319 65.3451 67.8584 70.3717
C -46
0.0075 0.0069 0.0063 0.0058 0.0054 0.0050 0.0046
-0.0069 -0.0064 -0.0059 -0.0054 -0.0050 -0.0046 -0.0043
0.0003 0.0003 0.0002 0.0002 0.0002 0.0002 0.0002
0.4310 0.4127 0.3947 0.3774 0.3610 0.3456 0.3311
-0.3660 -0.3551 -0.3436 -0.3321 -0.3202 -0.3090 -0.2983
0.0325 0.0288 0.0256 0.0227 0.0204 0.0183 0.0164
20.8810 20.8508 20.7784 20.6583 20.5489 20.4202 20.3110
-29.3618 - 29.2074 -29.1067 -28.7494 -28.3902 -28.2829 -28.0175
-4.2404 -4.1783 -4.1642 -4.0455 -3.9206 -3.9314 -3.8532
Columns 29 through 35
29.0000 30.0000 31.0000 32.0000 33.0000 34.0000 35.0000
72.8849 75.3982 77.9115 80.4248 82.9380 85.4513 87.9646
0.0043 0.0040 0.0037 0.0035 0.0033 0.0031 0.0029
-0.0040 -0.0037 -0.0035 -0.0033 -0.0030 -0.0029 -0.0027
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
0.3175 0.3048 0.2932 0.2823 0.2719 0.2625 0.2537
-0.2880 -0.2782 -0.2690 -0.2601 -0.2519 -0.2442 -0.2369
0.0148 0.0133 0.0121 0.0111 0.0100 0.0092 0.0084
20.1750 20.0641 19.9432 19.8382 19.7532 19.6581 19.5833
-27.6654 -27.3771 -27.1564 -26.8693 -26.5572 -26.3677 -26.0731
-3.7452 -3.6565 -3.6066 -3.5155 -3.4020 -3.3548 -3.2449
Columns 36 through 42
36.0000 37.0000 38.0000 39.0000 40.0000 41.0000 42.0000
90.4779 92.9911 95.5044 98.0177 100.5310 103.0442 105.5575
0.0027 0.0026 0.0024 0.0023 0.0022 0.0021 0.0019
-0.0025 -0.0024 -0.0023 -0.0022 -0.0020 -0.0019 -0.0018
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
0.2456 0.2377 0.2305 0.2235 0.2173 0.2109 0.2052
-0.2299 -0.2233 -0.2173 -0.2114 -0.2058 -0.2005 -0.1955
0.0079 0.0072 0.0066 0.0061 0.0058 0.0052 0.0049
19.5166 19.4440 19.3922 19.3221 19.2800 19.2417 19.2000
-25.8488 -25.7693 -25.4652 -25.3385 -25.1733 -24.7503 -24.8189
-3.1661 -3.1626 -3.0365 -3.0082 -2.9466 -2.7543 -2.8095
Columns 43 through 49
43.0000 44.0000 45.0000 46.0000 47.0000 48.0000 49.0000
108.0708 110.5841 113.0973 115.6106 118.1239 120.6372 123.1504
0.0019 0.0018 0.0017 0.0016 0.0015 0.0015 0.0014
-0.0018 -0.0017 -0.0016 -0.0015 -0.0015 -0.0014 -0.0013
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.1997 0.1946 0.1898 0.1850 0.1807 0.1765 0.1723
-0.1908 -0.1862 -0.1819 -0.1777 -0.1737 -0.1700 -0.1661
0.0045 0.0042 0.0040 0.0037 0.0035 0.0032 0.0031
19.1647 19.1311 19.1099 19.0824 19.0642 19.0428 19.0136
-24.6510 -24.6299 -24.4350 -24.3744 -24.2063 -24.1220 -23.7366
-2.7432 -2.7494 -2.6625 -2.6460 -2.5710 -2.5396 -2.3615
Columns 50 through 56
50.0000 51.0000 52.0000 53.0000 54.0000 55.0000 56.0000
125.6637 128.1770 130.6903 133.2035 135.7168 138.2301 140.7434
0.0014 0.0013 0.0012 0.0012 0.0012 0.0011 0.0011
-0.0013 -0.0012 -0.0012 -0.0011 -0.0011 -0.0011 -0.0010
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.1683 0.1646 0.1614 0.1582 0.1552 0.1520 0.1491
-0.1628 -0.1594 -0.1564 -0.1535 -0.1504 -0.1476 -0.1449
0.0027 0.0026 0.0025 0.0023 0.0024 0.0022 0.0021
18.9851 18.9662 18.9647 18.9630 18.9473 18.9388 18.9396
-23.6684 -23.5775 -23.7648 -23.6751 -23.5600 -23.5103 -23.4424
-2.3416 -2.3056 -2.4001 -2.3560 -2.3063 -2.2857 -2.2514
Columns 57 through 60
57.0000 58.0000 59.0000 60.0000
143.2566 145.7699 148.2832 150.7964
0.0010 0.0010 0.0010 0.0009
-0.0010 -0.0010 -0.0009 -0.0009
0.0000 0.0000 0.0000 0.0000
0.1461 0.1433 0.1409 0.1383
-0.1422 -0.1396 -0.1373 -0.1349
0.0019 0.0018 0.0018 0.0017
18.9397 18.9348 18.9226 18.9204
C -47
-23.3580 -23.1205 -23.1436 -23.1026
-2.2092 -2.0928 -2.1105 -2.0911
amp7 =
Columns 1 •through 7
1.0000 2.0000 3.0000 4.0000 5.0000 6.0000 7.00002.5133 5.0265 7.5398 10.0531 12.5664 15.0796 17.59290.0102 0.0112 0.0135 0.0080 0.0120 0.0092 0.0083-0.0102 -0.0112 -0.0128 -0.0087 -0.0109 -0.0106 -0.01050.0000 0.0000 0.0003 -0.0004 0.0005 -0.0007 -0.00110.0257 0.0570 0.1102 0.0817 0.1315 0.1186 0.1786
-0.0258 -0.0557 -0.0972 -0.0846 -0.1621 -0.1611 -0.1736
0.0000 0.0007 0.0065 -0.0015 -0.0153 -0.0213 0.0025
0.0647 0.2757 0.7227 1.2332 2.7322 3.9287 4.9884
-0.0647 -0.2904 -0.8198 -0.7775 -2.2855 -2.3174 -2.6084
0.0000 -0.0074 -0.0486 0.2279 0.2233 0.8057 1.1900
Columns 8 through 14
8.0000 9.0000 10.0000 11.0000 12.0000 13.0000 14.0000
20.1062 22.6195 25.1327 27.6460 30.1593 32.6726 35.1858
0.0083 0.0092 0.0103 0.0113 0.0122 0.0129 0.0135
-0.0106 -0.0109 -0.0111 -0.0114 -0.0118 -0.0123 -0.0127
-0.0012 -0.0008 -0.0004 0.0000 0.0002 0.0003 0.0004
0.2325 0.2843 0.3328 0.3788 0.4243 0.4705 0.5164
-0.1926 -0.2101 -0.2307 -0.2617 -0.3048 -0.3554 -0.4078
0.0199 0.0371 0.0510 0.0586 0.0598 0.0576 0.0543
6.2498 7.6606 9.1061 10.6248 12.3270 14.2843 16.4931
-3.5931 -6.0436 -8.8323 -11.8439 -14.9690 -18.2245 -21.6307
1.3283 0.8085 0.1369 -0.6095 -1.3210 -1.9701 -2.5688
Columns 15 through 21
15.0000 16.0000 17.0000 18.0000 19.0000 20.0000 21.0000
37.6991 40.2124 42.7257 45.2389 47.7522 50.2655 52.7788
0.0139 0.0140 0.0139 0.0134 0.0127 0.0118 0.0109
-0.0130 -0.0131 -0.0130 -0.0125 -0.0119 -0.0111 -0.0102
0.0005 0.0005 0.0005 0.0004 0.0004 0.0004 0.0003
0.5591 0.5945 0.6180 0.6275 0.6231 0.6072 0.5838
-0.4577 -0.5004 -0.5322 -0.5505 -0.5550 -0.5480 -0.5323
0.0507 0.0470 0.0429 0.0385 0.0340 0.0296 0.0257
18.8493 21.1821 23.2723 24.9521 26.1152 26.7894 27.0346
-25.1143 -28.3872 -31.2213 -33.4867 -34.9767 -35.6109 -35.6925
-3.1325 -3.6025 -3.9745 -4.2673 -4.4307 -4.4108 -4.3289
Columns 22 through 28
22.0000 23.0000 24.0000 25.0000 26.0000 27.0000 28.0000
55.2920 57.8053 60.3186 62.8319 65.3451 67.8584 70.3717
0.0099 0.0090 0.0082 0.0074 0.0068 0.0062 0.0056
-0.0093 -0.0085 -0.0077 -0.0070 -0.0064 -0.0058 -0.0053
0.0003 0.0003 0.0002 0.0002 0.0002 0.0002 0.0001
0.5557 0.5259 0.4964 0.4681 0.4417 0.4174 0.3949
-0.5113 -0.4881 -0.4641 -0.4404 -0.4176 -0.3965 -0.3768
0.0222 0.0189 0.0162 0.0139 0.0120 0.0104 0.0091
27.0135 26.7773 26.4293 26.0127 25.5915 25.1586 24.7587
-35.7086 -35.1152 -34.4906 -33.7076 -33.0153 -32.2562 -31.4976
-4.3476 -4.1690 -4.0307 -3.8475 -3.7119 -3.5488 -3.3695
Columns 29 through 35
29.0000 30.0000 31.0000 32.0000 33.0000 34.0000 35.0000
72.8849 75.3982 77.9115 80.4248 82.9380 85.4513 87.9646
0.0052 0.0047 0.0044 0.0040 0.0038 0.0035 0.0033
-0.0049 -0.0045 -0.0042 -0.0039 -0.0036 -0.0033 -0.0031
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
0.3746 0.3560 0.3390 0.3234 0.3092 0.2961 0.2842
-0.3585 -0.3418 -0.3265 -0.3124 -0.2993 -0.2873 -0.2762
0.0080 0.0071 0.0062 0.0055 0.0050 0.0044 0.0040
24.3722 24.0129 23.6972 23.3865 23.1171 22.8698 22.6317
-30.7669 -30.2410 -29.6570 -28.9963 -28.6334 -28.1924 -27.7301
-3.1974 -3.1140 -2.9799 -2.8049 -2.7582 -2.6613 -2.5492




































































0000 40.0000 41.0000 42.0000
0177 100.5310 103.0442 105.5575
0025 0.0024 0.0022 0.0021
0024 -0.0023 -0.0022 -0.0020
0000 0.0000 0.0000 0.0000
2445 0.2365 0.2289 0.2216
2393 -0.2316 -0.2244 -0.2177
0026 0.0025 0.0023 0.0020
8822 21.7440 21.6069 21.4762
3808 -26.0386 -25.8507 -25.5857
2493 -2.1473 -2.1219 -2.0548
0000 47.0000 48.0000 49.0000
6106 118.1239 120.6372 123.1504
0017 0.0016 0.0016 0.0015
0017 -0.0016 -0.0015 -0.0015
0000 0.0000 0.0000 0.0000
1974 0.1922 0.1871 0.1823
1944 -0.1893 -0.1845 -0.1797
0015 0.0014 0.0013 0.0013
0819 20.9907 20.9124 20.8334
7848 -24.6149 -24.2917 -24.2045
8514 -1.8121 -1.6896 -1.6855
0000 54.0000 55.0000 56.0000
2035 135.7168 138.2301 140.7434
0013 0.0012 0.0012 0.0011
0012 -0.0012 -0.0011 -0.0011
0000 0.0000 0.0000 0.0000
1659 0.1622 0.1587 0.1553
1641 -0.1605 -0.1571 -0.1538
0009 0.0009 0.0008 0.0007
5997 20.5359 20.5039 20.4512
7469 -23.6257 -23.5233 -23.4095












0000 5.0000 6.0000 7.0000
0531 12.5664 15.0796 17.5929
0080 0.0120 0.0092 0.0083
0087 -0.0109 -0.0106 -0.0105
0004 0.0005 -0.0007 -0.0011
0817 0.1315 0.1186 0.1786
0846 -0.1621 -0.1611 -0.1736
0015 -0.0153 -0.0213 0.0025
2332 2.7322 3.9287 4.9884
7775 -2.2855 -2.3174 -2.6084
2279 0.2233 0.8057 1.1900
0000 12.0000 13.0000 14.0000
6460 30.1593 32.6726 35.1858
0113 0.0122 0.0129 0.0135
0114 -0.0118 -0.0123 -0.0127






























































0.2325 0.2843 0.3328 0.3788 0.4243 0.4705 0.5164-0.1926 -0.2101 -0.2307 -0.2617 -0.3048 -0.3554 -0.40780.0199 0.0371 0.0510 0.0586 0.0598 0.0576 0.05436.2498 7.6606 9.1061 10.6248 12.3270 14.2843 16.4931-3.5931 -6.0436 -8.8323 -11.8439 -14.9690 -18.2245 -21.63071.3283 0.8085 0.1369 -0.6095 -1.3210 -1.9701 -2.5688
Columns 15 through 21
15.0000 16.0000 17.0000 18.0000 19.0000 20.0000 21.000037.6991 40.2124 42.7257 45.2389 47.7522 50.2655 52.77880.0139 0.0140 0.0139 0.0134 0.0127 0.0118 0.0109
-0.0130 -0.0131 -0.0130 -0.0125 -0.0119 -0.0111 -0.0102
0.0005 0.0005 0.0005 0.0004 0.0004 0.0004 0.0003
0.5591 0.5945 0.6180 0.6275 0.6231 0.6072 0.5838
-0.4577 -0.5004 -0.5322 -0.5505 -0.5550 -0.5480 -0.5323
0.0507 0.0470 0.0429 0.0385 0.0340 0.0296 0.0257
18.8493 21.1821 23.2723 24.9521 26.1152 26.7894 27.0346
-25.1143 -28.3872 -31.2213 -33.4867 -34.9767 -35.6109 -35.6925
-3.1325 -3.6025 -3.9745 -4.2673 -4.4307 -4.4108 -4.3289
Columns 22 through 28
22.0000 23.0000 24.0000 25.0000 26.0000 27.0000 28.0000
55.2920 57.8053 60.3186 62.8319 65.3451 67.8584 70.3717
0.0099 0.0090 0.0082 0.0074 0.0068 0.0062 0.0056
-0.0093 -0.0085 -0.0077 -0.0070 -0.0064 -0.0058 -0.0053
0.0003 0.0003 0.0002 0.0002 0.0002 0.0002 0.0001
0.5557 0.5259 0.4964 0.4681 0.4417 0.4174 0.3949
-0.5113 -0.4881 -0.4641 -0.4404 -0.4176 -0.3965 -0.3768
0.0222 0.0189 0.0162 0.0139 0.0120 0.0104 0.0091
27.0135 26.7773 26.4293 26.0127 25.5915 25.1586 24.7587
-35.7086 -35.1152 -34.4906 -33.7076 -33.0153 -32.2562 -31.4976
-4.3476 -4.1690 -4.0307 -3.8475 -3.7119 -3.5488 -3.3695
Columns 29 through 35
29.0000 30.0000 31.0000 32.0000 33.0000 34.0000 35.0000
72.8849 75.3982 77.9115 80.4248 82.9380 85.4513 87.9646
0.0052 0.0047 0.0044 0.0040 0.0038 0.0035 0.0033
-0.0049 -0.0045 -0.0042 -0.0039 -0.0036 -0.0033 -0.0031
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
0.3746 0.3560 0.3390 0.3234 0.3092 0.2961 0.2842
-0.3585 -0.3418 -0.3265 -0.3124 -0.2993 -0.2873 -0.2762
0.0080 0.0071 0.0062 0.0055 0.0050 0.0044 0.0040
24.3722 24.0129 23.6972 23.3865 23.1171 22.8698 22.6317
-30.7669 -30.2410 -29.6570 -28.9963 -28.6334 -28.1924 -27.7301
-3.1974 -3.1140 -2.9799 -2.8049 -2.7582 -2.6613 -2.5492
Columns 36 through 42
36.0000 37.0000 38.0000 39.0000 40.0000 41.0000 42.0000
90.4779 92.9911 95.5044 98.0177 100.5310 103.0442 105.5575
0.0030 0.0029 0.0027 0.0025 0.0024 0.0022 0.0021
-0.0029 -0.0027 -0.0026 -0.0024 -0.0023 -0.0022 -0.0020
0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000
0.2731 0.2630 0.2534 0.2445 0.2365 0.2289 0.2216
-0.2658 -0.2565 -0.2476 -0.2393 -0.2316 -0.2244 -0.2177
0.0036 0.0033 0.0029 0.0026 0.0025 0.0023 0.0020
22.4294 22.2290 22.0510 21.8822 21.7440 21.6069 21.4762
-27.3407 -27.0431 -26.7019 -26.3808 -26.0386 -25.8507 -25.5857
-2.4556 -2.4071 -2.3255 -2.2493 -2.1473 -2.1219 -2.0548
Columns 43 through 49
43.0000 44.0000 45.0000 46.0000 47.0000 48.0000 49.0000
108.0708 110.5841 113.0973 115.6106 118.1239 120.6372 123.1504
0.0020 0.0019 0.0018 0.0017 0.0016 0.0016 0.0015
-0.0019 -0.0018 -0.0018 -0.0017 -0.0016 -0.0015 -0.0015
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.2150 0.2089 0.2030 0.1974 0.1922 0.1871 0.1823
-0.2113 -0.2054 -0.1998 -0.1944 -0.1893 -0.1845 -0.1797
0.0018 0.0018 0.0016 0.0015 0.0014 0.0013 0.0013
21.3657 21.2648 21.1601 21.0819 20.9907 20.9124 20.8334
-25.3792 •-25.1604 -24.9564 -24.7848 -24.6149 -24.2917 -24.2045
-2.0068 -1.9478 -1.8982 -1.8514 -1.8121 -1.6896 -1.6855
C -50
Columns 50 through 56
50.0000 51.0000 52.0000 53.0000 54.0000 55.0000 56.0000
125.6637 128.1770 130.6903 133.2035 135.7168 138.2301 140.7434
0.0014 0.0014 0.0013 0.0013 0.0012 0.0012 0.0011
-0.0014 -0.0013 -0.0013 -0.0012 -0.0012 -0.0011 -0.0011
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.1780 0.1737 0.1697 0.1659 0.1622 0.1587 0.1553
-0.1757 -0.1716 -0.1678 -0.1641 -0.1605 -0.1571 -0.1538
0.0011 0.0011 0.0009 0.0009 0.0009 0.0008 0.0007
20.7557 20.6830 20.6360 20.5997 20.5359 20.5039 20.4512
-24.0603 -23.7951 -23.8655 -23.7469 -23.6257 -23.5233 -23.4095
-1.6523 -1.5560 -1.6148 -1.5736 -1.5449 -1.5097 -1.4791
Columns 57 through 60
57.0000 58.0000 59.0000 60.0000
143.2566 145.7699 148.2832 150.7964
0.0011 0.0010 0.0010 0.0010
-0.0010 -0.0010 -0.0010 -0.0009
0.0000 0.0000 0.0000 0.0000
0.1521 0.1491 0.1462 0.1435
-0.1508 -0.1478 -0.1450 -0.1422
0.0007 0.0006 0.0006 0.0007
20.4138 20.3767 20.3302 20.3086
-23.3104 -23.1303 -23.1503 -23.0165
-1.4483 -1.3768 -1.4100 -1.3539
w
Columns 1 through 7
1.0000 2.0000 3.0000 4.0000 5.0000 6.0000 7.0000
2.5133 5.0265 7.5398 10.0531 12.5664 15.0796 17.5929
0.0002 0.0013 0.0045 0.0017 0.0047 0.0046 0.0050
-0.0002 -0.0012 -0.0038 -0.0021 -0.0059 -0.0065 -0.0072
0.0000 0.0000 0.0004 -0.0002 -0.0006 -0.0010 -0.0011
0.0002 0.0013 0.0045 0.0017 0.0047 0.0046 0.0050
-0.0002 -0.0012 -0.0038 -0.0021 -0.0059 -0.0065 -0.0072
0.0000 0.0000 0.0004 -0.0002 -0.0006 -0.0010 -0.0011
0.0002 0.0012 0.0045 0.0021 0.0054 0.0045 0.0035
-0.0002 -0.0012 -0.0042 -0.0022 -0.0061 -0.0057 -0.0054
0.0000 0.0000 0.0002 0.0000 -0.0004 -0.0006 -0.0009
0.0002 0.0012 0.0045 0.0021 0.0054 0.0045 0.0035
-0.0002 -0.0012 -0.0042 -0.0022 -0.0061 -0.0057 -0.0054
0.0000 0.0000 0.0002 0.0000 -0.0004 -0.0006 -0.0009
Columns 8 through 14
8.0000 9.0000 10.0000 11.0000 12.0000 13.0000 14.0000
20.1062 22.6195 25.1327 27.6460 30.1593 32.6726 35.1858
0.0065 0.0078 0.0091 0.0104 0.0116 0.0126 0.0134
-0.0075 -0.0077 -0.0080 -0.0086 -0.0094 -0.0104 -0.0113
-0.0005 0.0001 0.0005 0.0009 0.0011 0.0011 0.0011
0.0065 0.0078 0.0091 0.0104 0.0116 0.0126 0.0134
-0.0075 -0.0077 -0.0080 -0.0086 -0.0094 -0.0104 -0.0113
-0.0005 0.0001 0.0005 0.0009 0.0011 0.0011 0.0011
0.0042 0.0053 0.0064 0.0075 0.0087 0.0100 0.0114
-0.0054 -0.0055 -0.0056 -0.0060 -0.0068 -0.0081 -0.0096
-0.0006 -0.0001 0.0004 0.0008 0.0010 0.0010 0.0009
0.0042 0.0053 0.0064 0.0075 0.0087 0.0100 0.0114
-0.0054 -0.0055 -0.0056 -0.0060 -0.0068 -0.0081 -0.0096
-0.0006 -0.0001 0.0004 0.0008 0.0010 0.0010 0.0009
Columns 15 through 21
15.0000 16.0000 17.0000 18.0000 19.0000 20.0000 21.0000
37.6991 40.2124 42.7257 45.2389 47.7522 50.2655 52.7788
0.0141 0.0146 0.0149 0.0151 0.0152 0.0151 0.0150
-0.0121 -0.0129 -0.0134 -0.0139 -0.0142 -0.0143 -0.0144
0.0010 0.0009 0.0007 0.0006 0.0005 0.0004 0.0003
0.0141 0.0146 0.0149 0.0151 0.0152 0.0151 0.0150
-0.0121 -0.0129 -0.0134 -0.0139 -0.0142 -0.0143 -0.0144
0.0010 0.0009 0.0007 0.0006 0.0005 0.0004 0.0003
0.0128 0.0141 0.0153 0.0162 0.0167 0.0169 0.0169
-0.0113 -0.0129 -0.0143 -0.0154 -0.0161 -0.0165 -0.0166
C-51
0.0007 0.0006 0.0005 0.0004 0.0003 0.0002 0.00010.0128 0.0141 0.0153 0.0162 0.0167 0.0169 0.0169-0.0113 -0.0129 -0.0143 -0.0154 -0.0161 -0.0165 -0.01660.0007 0.0006 0.0005 0.0004 0.0003 0.0002 0.0001
Columns 22 through 28
22.0000 23.0000 24.0000 25.0000 26.0000 27.0000 28.000055.2920 57.8053 60.3186 62.8319 65.3451 67.8584 70.37170.0149 0.0146 0.0144 0.0142 0.0140 0.0137 0.0135
-0.0143 -0.0142 -0.0141 -0.0140 -0.0138 -0.0136 -0.01340.0003 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001
0.0149 0.0146 0.0144 0.0142 0.0140 0.0137 0.0135
-0.0143 -0.0142 -0.0141 -0.0140 -0.0138 -0.0136 -0.0134
0.0003 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001
0.0167 0.0164 0.0160 0.0157 0.0153 0.0149 0.0146
-0.0165 -0.0163 -0.0160 -0.0156 -0.0153 -0.0150 -0.0146
0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
0.0167 0.0164 0.0160 0.0157 0.0153 0.0149 0.0146
-0.0165 -0.0163 -0.0160 -0.0156 -0.0153 -0.0150 -0.0146
0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
Columns 29 through 35
29.0000 30.0000 31.0000 32.0000 33.0000 34.0000 35.0000
72.8849 75.3982 77.9115 80.4248 82.9380 85.4513 87.9646
0.0133 0.0131 0.0130 0.0128 0.0127 0.0125 0.0124
-0.0133 -0.0131 -0.0129 -0.0128 -0.0127 -0.0125 -0.0124
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0133 0.0131 0.0130 0.0128 0.0127 0.0125 0.0124
-0.0133 -0.0131 -0.0129 -0.0128 -0.0127 -0.0125 -0.0124
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0143 0.0140 0.0137 0.0135 0.0133 0.0131 0.0129
-0.0143 -0.0140 -0.0138 -0.0135 -0.0133 -0.0131 -0.0129
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0143 0.0140 0.0137 0.0135 0.0133 0.0131 0.0129
-0.0143 -0.0140 -0.0138 -0.0135 -0.0133 -0.0131 -0.0129
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Columns 36 through 42
36.0000 37.0000 38.0000 39.0000 40.0000 41.0000 42.0000
90.4779 92.9911 95.5044 98.0177 100.5310 103.0442 105.5575
0.0123 0.0122 0.0121 0.0120 0.0119 0.0118 0.0117
-0.0123 -0.0122 -0.0121 -0.0120 -0.0119 -0.0118 -0.0117
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0123 0.0122 0.0121 0.0120 0.0119 0.0118 0.0117
-0.0123 -0.0122 -0.0121 -0.0120 -0.0119 -0.0118 -0.0117
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0127 0.0125 0.0124 0.0123 0.0121 0.0120 0.0119
-0.0128 -0.0126 -0.0125 -0.0123 -0.0122 -0.0121 -0.0120
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0127 0.0125 0.0124 0.0123 0.0121 0.0120 0.0119
-0.0128 -0.0126 -0.0125 -0.0123 -0.0122 -0.0121 -0.0120
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Columns 43 through 49
43.0000 44.0000 45.0000 46.0000 47.0000 48.0000 49.0000
108.0708 110.5841 113.0973 115.6106 118.1239 120.6372 123.1504
0.0116 0.0116 0.0115 0.0114 0.0114 0.0113 0.0113
-0.0117 -0.0116 -0.0115 -0.0115 -0.0114 -0.0113 -0.0113
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0116 0.0116 0.0115 0.0114 0.0114 0.0113 0.0113
-0.0117 -0.0116 -0.0115 -0.0115 -0.0114 -0.0113 -0.0113
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0118 0.0118 0.0117 0.0116 0.0115 0.0115 0.0114
-0.0119 -0.0118 -0.0117 -0.0116 -0.0116 -0.0115 -0.0114
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0118 0.0118 0.0117 0.0116 0.0115 0.0115 0.0114
-0.0119 -0.0118 -0.0117 -0.0116 -0.0116 -0.0115 -0.0114
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Columns 50 through 56
50.0000 51.0000 52.0000 53.0000 54.0000 55.0000 56.0000
125.6637 128.1770 130.6903 133.2035 135.7168 138.2301 140.7434
C -52
0.0112 0.0112 0.0111 0.0111 0.0110 0.0110 0.0110
-0.0112 -0.0112 -0.0112 -0.0111 -0.0111 -0.0110 -0.0110
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0112 0.0112 0.0111 0.0111 0.0110 0.0110 0.0110
-0.0112 -0.0112 -0.0112 -0.0111 -0.0111 -0.0110 -0.0110
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0113 0.0113 0.0112 0.0112 0.0111 0.0111 0.0111
-0.0114 -0.0113 -0.0113 -0.0112 -0.0112 -0.0111 -0.01110.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00000.0113 0.0113 0.0112 0.0112 0.0111 0.0111 0.0111
-0.0114 -0.0113 -0.0113 -0.0112 -0.0112 -0.0111 -0.0111
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Columns 57 through 60
57.0000 58.0000 59.0000 60.0000
143.2566 145.7699 148.2832 150.7964
0.0109 0.0109 0.0109 0.0108
-0.0110 -0.0109 -0.0109 -0.0109
0.0000 0.0000 0.0000 0.0000
0.0109 0.0109 0.0109 0.0108
-0.0110 -0.0109 -0.0109 -0.0109
0.0000 0.0000 0.0000 0.0000
0.0110 0.0110 0.0109 0.0109
-0.0110 -0.0110 -0.0110 -0.0109
0.0000 0.0000 0.0000 0.0000
0.0110 0.0110 0.0109 0.0109
-0.0110 -0.0110 -0.0110 -0.0109
0.0000 0.0000 0.0000 0.0000
ampN =
1.0e+003 *
Columns 1 through 7
0.0010 0.0020 0.0030 0.0040 0.0050 0.0060 0.0070
0.0025 0.0050 0.0075 0.0101 0.0126 0.0151 0.0176
0.0221 0.1279 0.4525 0.1697 0.4703 0.4616 0.5021
-0.0225 -0.1203 -0.3751 -0.2082 -0.5925 -0.6519 -0.7242
-0.0002 0.0038 0.0387 -0.0193 -0.0611 -0.0952 -0.1111
0.0221 0.1279 0.4525 0.1697 0.4703 0.4616 0.5021
-0.0225 -0.1203 -0.3751 -0.2082 -0.5925 -0.6519 -0.7242
-0.0002 0.0038 0.0387 -0.0193 -0.0611 -0.0952 -0.1111
0.0220 0.1249 0.4547 0.2115 0.5385 0.4546 0.3512
-0.0226 -0.1248 -0.4235 -0.2205 -0.6092 -0.5666 -0.5412
-0.0003 0.0001 0.0156 -0.0045 -0.0353 -0.0560 -0.0950
0.0220 0.1249 0.4547 0.2115 0.5385 0.4546 0.3512
-0.0226 -0.1248 -0.4235 -0.2205 -0.6092 -0.5666 -0.5412
-0.0003 0.0001 0.0156 -0.0045 -0.0353 -0.0560 -0.0950
Columns 8 through 14
0.0080 0.0090 0.0100 0.0110 0.0120 0.0130 0.0140
0.0201 0.0226 0.0251 0.0276 0.0302 0.0327 0.0352
0.6471 0.7827 0.9138 1.0395 1.1558 1.2580 1.3430
-0.7480 -0.7668 -0.8043 -0.8647 -0.9444 -1.0358 -1.1277
-0.0505 0.0079 0.0548 0.0874 0.1057 0.1111 0.1076
0.6471 0.7827 0.9138 1.0395 1.1558 1.2580 1.3430
-0.7480 -0.7668 -0.8043 -0.8647 -0.9444 -1.0358 -1.1277
-0.0505 0.0079 0.0548 0.0874 0.1057 0.1111 0.1076
0.4208 0.5290 0.6395 0.7511 0.8689 0.9969 1.1351
-0.5439 -0.5495 -0.5593 -0.5953 -0.6767 -0.8052 -0.9628
-0.0616 -0.0102 0.0401 0.0779 0.0961 0.0958 0.0861
0.4208 0.5290 0.6395 0.7511 0.8689 0.9969 1.1351
-0.5439 -0.5495 -0.5593 -0.5953 -0.6767 -0.8052 -0.9628
-0.0616 -0.0102 0.0401 0.0779 0.0961 0.0958 0.0861
Columns 15 through 21
0.0150 0.0160 0.0170 0.0180 0.0190 0.0200 0.0210
0.0377 0.0402 0.0427 0.0452 0.0478 0.0503 0.0528
1.4094 1.4579 1.4906 1.5091 1.5163 1.5134 1.5008
-1.2125 -1.2853 -1.3431 -1.3865 -1.4159 -1.4318 -1.4370
0.0985 0.0863 0.0737 0.0613 0.0502 0.0408 0.0319
1.4094 1.4579 1.4906 1.5091 1.5163 1.5134 1.5008
-1.2125 -1.2853 -1.3431 -1.3865 -1.4159 -1.4318 -1.4370
C -53
0.0985 0.0863 0.0737 0
1.2778 1.4138 1.5303 1
-1.1304 -1.2917 -1.4316 -1
0.0737 0.0610 0.0493 0
1.2778 1.4138 1.5303 1
-1.1304 -1.2917 -1.4316 -1
0.0737 0.0610 0.0493 0
Columns 22 through 28
0.0220 0.0230 0.0240 0
0.0553 0.0578 0.0603 0
1.4854 1.4646 1.4426 1
-1.4340 -1.4243 -1.4110 -1
0.0257 0.0201 0.0158 0
1.4854 1.4646 1.4426 1
-1.4340 -1.4243 -1.4110 -1
0.0257 0.0201 0.0158 0
1.6705 1.6391 1.6033 1
-1.6515 -1.6281 -1.5980 -1
0.0095 0.0055 0.0027 0
1.6705 1.6391 1.6033 1
-1.6515 -1.6281 -1.5980 -1
0.0095 0.0055 0.0027 0
Columns 29 through 35
0.0290 0.0300 0.0310 0
0.0729 0.0754 0.0779 0
1.3344 1.3148 1.2976 1
-1.3264 -1.3100 -1.2940 -1
0.0040 0.0024 0.0018 0
1.3344 1.3148 1.2976 1
-1.3264 -1.3100 -1.2940 -1
0.0040 0.0024 0.0018 0
1.4270 1.3980 1.3715 1
-1.4323 -1.4041 -1.3780 -1
-0.0027 -0.0030 -0.0033 -0
1.4270 1.3980 1.3715 1
-1.4323 -1.4041 -1.3780 -1
-0.0027 -0.0030 -0.0033 -0
Columns 36 through 42
0.0360 0.0370 0.0380 0
0.0905 0.0930 0.0955 0
1.2268 1.2156 1.2056 1
-1.2287 -1.2179 -1.2077 -1
-0.0010 -0.0012 -0.0011 -0
1.2268 1.2156 1.2056 1
-1.2287 -1.2179 -1.2077 -1
-0.0010 -0.0012 -0.0011 -0
1.2699 1.2543 1.2400 1
-1.2759 -1.2603 -1.2458 -1
-0.0030 -0.0030 -0.0029 -0
1.2699 1.2543 1.2400 1
-1.2759 -1.2603 -1.2458 -1
-0.0030 -0.0030 -0.0029 -0
Columns 43 through 49
0.0430 0.0440 0.0450 0
0.1081 0.1106 0.1131 0
1.1623 1.1553 1.1488 1
-1.1653 -1.1580 -1.1516 -1
-0.0015 -0.0014 -0.0014 -0
1.1623 1.1553 1.1488 1
-1.1653 -1.1580 -1.1516 -1
-0.0015 -0.0014 -0.0014 -0
1.1843 1.1756 1.1680 1
-1.1888 -1.1790 -1.1711 -1
-0.0022 -0.0017 -0.0016 -0
1.1843 1.1756 1.1680 1
-1.1888 -1.1790 -1.1711 -1
-0.0022 -0.0017 -0.0016 - 0 ,













































































































































































































































































































































! 0.0152 0.0169 0.0169
19 20 20
i -0.0144 -0.0166 -0.0166
21 21 21
= 0.0147 0.0147 0.0168
= 20 2Ci 21 21
0e+003 *
1.6932 1. 6932
19 19 20 20
0e+003 *
-1.6620 -1. 6620
21 21 21 21
reaction_amplitude = 1.0e+003 *
1.4726 1.4726 1.6755 1.6755
reaction_amplitudejpoint = 20 20 21 21
0.0168
C-56
Result 1 of Program “phas”
% p h a s _ l  R e s u l t  o f  Program "phas "  under  c o n d i t i o n :  J 1 2 = p i / 2 ,  L=5,  a l = 0 . 3  
phas =
Columns 1 through 7
1.0000 2.0000 3.0000 4.
1.2566 2.5133 3.7699 5.
35.2800 24.0480 -131.2020 89.
23.2020 -159.9120 -130.6080 82.
44.4600 44.7480 47.1960 49.
123.6780 ■-112.5000 -114.1380 -47.
6.0840 7.0200 9.8280 8.
-5.1660 -5.4720 -6.0480 -4.
6.0840 6.9480 9.2340 8 .
-5.2020 -5.2560 -6.2100 -5.
Columns 8 through 14
8.0000 9.0000 10.0000 11.
10.0531 11.3097 12.5664 13.
115.6320 -176.9400 -130.5000 -104 .
-99.0720 -39.0420 19.8000 57.
78.9120 86.1840 93.9600 105.
-93.7440 -50.5440 5.4000 41.
19.1520 17.0100 27.1800 32.
-1.5840 -3.8880 -1.8000 4.
24.7680 33.7320 28.0800 26.
-5.7600 -1.1340 2.1600 4 .
Columns 15 through 21
15.0000 16.0000 17.0000 18.
18.8496 20.1062 21.3628 22.
-49.4100 -42.6240 -36.7200 -32.
126.6300 131.6160 135.8640 140.
143.9100 149.4720 154.2240 157.
85.8600 79.2000 78.3360 82.
22.6800 24.1920 27.2340 31.
11.6100 12.0960 14.0760 17
16.7400 16.9920 19.8900 23,
10.2600 10.3680 11.3220 13
Columns 22 through 28
22.0000 23.0000 24.0000 25
27.6460 28.9027 30.1593 31
-13.8600 -9.5220 -4.3200
164.7360 171.8100 178.9920 -173
171.8640 175.1220 178.5600 -177
114.8400 122.1300 128.8800 135
51.4800 55.8900 . 60.1920 64
35.2440 40.5720 45.3600 49
39.9960 43.8840 47.5200 50
27.7200 31.6980 35.4240 39
0000 5.0000 6.0000 7.0000
0265 6.2832 7.5398 8.7965
9280 30.3300 54.7560 75.8520
2960 -122.8500 -122.0760 -120.9600
0320 52.0200 59.0760 67.0320
6640 -128.7000 -112.3560 -102.4380
4960 13.6800 16.4160 19.9080
6080 -3.6900 -3.1320 -2.7720
2080 12.9600 15.0120 18.0180
1840 -4.0500 -3.1320 -4.0320
0000 12.0000 13.0000 14.0000
8230 15.0796 16.3363 17.5929
5440 -85.8960 -70.9020 -58.6080
4200 83.8080 103.6620 117.9360
1380 116.6400 127.0620 136.5840
3820 65.4480 81.4320 88.9560
4720 34.9920 31.3560 24.4440
9500 10.1520 13.3380 13.1040
7300 25.4880 21.7620 17.8920
9500 7.7760 10.2960 10.8360
0000 19.0000 20.0000 21.0000
6195 23.8761 25.1327 26.3894
1120 -27.3600 -23.0400 -18.5220
2920 145.3500 151.2000 157.7700
7880 161.4240 164.5200 167.9760
9440 90.6300 99.0000 107.1180
1040 36.2520 41.0400 46.1160
8200 21.5460 26.2800 30.9960
9760 28.0440 32.7600 36.6660
6080 16.4160 19.8000 23.8140
0000 26.0000 27.0000 28.0000
4159 32.6726 33.9292 35.1858
0 2.8080 13.6080 12.6000
2500 -165.7800 -157.4640 -148.6800
3000 -173.2680 -169.1280 -164.8080
9000 142.2720 148.5900 155.2320
8000 68.7960 73.2600 77.1120
5000 54.2880 59.2920 64.0080
8500 54.2880 57.3480 61.1280
1500 43.6320 47.6280 51.9120





























































































, a2 = 0 .4
C -57
29.1600 132.5340 136.8000 154.3140 152.6400 166.7880 161.7840-133.4880 -130.5360 -126.7560 -123.5520 - 120.9600 --117.3420 --115.0560-162.0000 -158.8680 -156.8520 31.5900 - 156.2400 - 160.1460 - 160.416099.5040 101.8980 103.9680 106.5780 108.0000 110.7000 112.644097.8480 101.2320 105.3360 108.6840 111.6000 114.2460 117.180088.7760 92.2680 95.7600 98.9820 102.9600 106.1280 109.764089.4240 94.5720 99.3960 103.1940 107.2800 111.4380 114.9120
Columns 43 through 49
43.0000 44.0000 45.0000 46.0000 47.0000 48.0000 49.0000
54.0354 55.2920 56.5487 57.8053 59.0619 60.3186 61.5752
140.8680 -60.9840 -3.2400 39.7440 85.4460 104.5440 121.7160
164.8620 168.3360 172.8900 176.1840 ■-175.5720 •-168.1920 •-170.3700
-112.3200 -110.0880 -107.7300 -105.9840 -104.0580 •-101.9520 -100.6920
-172.6920 51.1200 56.7000 59.6160 62.6040 65.6640 67.9140
114.5520 116.0640 118.6200 120.0600 121.8240 123.5520 125.2440
119.1960 121.9680 123.9300 126.5040 128.1960 129.6000 131.4180
113.0040 115.6320 118.2600 121.7160 123.1200 125.8560 128.0340
118.5120 121.6080 123.9300 127.5120 130.2840 131.3280 134.2080
Columns 50 through 56
50.0000 51.0000 52.0000 53.0000 54.0000 55.0000 56.0000
62.8319 64.0885 65.3451 66.6018 67.8584 69.1150 70.3717
169.2000 -14.6880 47.7360 85.8600 100.1160 127.7100 155.2320
-166.5000 -164.3220 -161.9280 -160.2720 -151.0200 -149.1300 -150.3360
-98.1000 -97.3080 -96.4080 -95.4000 -93.3120 -92.7000 -91.8720
71.1000 72.6660 76.7520 79.1820 80.6760 83.1600 84.6720
126.9000 127.7460 129.7440 130.6980 132.1920 133.6500 135.0720
133.2000 134.0280 136.2960 137.7180 139.3560 139.5900 141.1200
130.5000 132.1920 133.8480 135.4680 137.4120 139.2300 140.1120
136.8000 137.7000 139.4640 141.1920 142.8840 144.1800 144.2880
Columns 57 through 63
57.0000 58.0000 59.0000 60.0000 61.0000 62.0000 63.0000
71.6283 72.8849 74.1416 75.3982 76.6549 77.9115 79.1681
7.1820 48.0240 103.0140 128.5200 160.3080 -44.1720 24.9480
-147.7440 -147.2040 -144.4320 -143.6400 -137.1060 -137.9160 -137.2140
-90.2880 -89.7840 -88.1460 -87.4800 -86.7420 -85.4640 -85.0500
87.0840 90.8280 93.4560 95.0400 97.7220 98.2080 99.1800
136.3320 136.5840 138.0600 139.3200 140.5440 141.7320 141.1380
141.5880 142.8480 143.3520 145.0800 144.9360 146.1960 147.4200
141.5880 143.0280 143.3700 144.0000 145.8900 146.1960 147.4200
145.5660 147.2040 147.6180 149.0400 150.2820 151.3080 152.4780
Columns '64 through 70
64.0000 65.0000 66.0000 67.0000 68.0000 69.0000 70.0000
80.4248 81.6814 82.9380 84.1947 85.4513 86.7080 87.9646
74.8800 106.4700 153.2520 -103.1220 -45.4320 9.9360 68.0400
-135.9360 -133.3800 -134.2440 -127.2420 -126.2160 -129.1680 -127.2600
-84.0960 -83.0700 -83.1600 -82.0080 -82.1520 -80.7300 -80.6400
101.9520 105.3000 105.7320 108.5400 108.9360 110.3580 111.7800
142.2720 143.5500 143.7480 144.7200 145.6560 146.3760 147.0600
147.4560 148.2300 148.5360 149.5440 150.5520 151.5240 151.2000
148.6080 149.7600 150.9120 151.3620 151.9200 151.5240 153.7200
152.0640 153.2700 154.4400 155.5740 155.5920 156.3120 156.2400
Columns '71 through 77
71.0000 72.0000 73.0000 74.0000 75.0000 76.0000 77.0000
89.2212 90.4779 91.7345 92.9911 94.2478 95.5044 96.7611
125.2440 -177.2640 -119.5380 -60.3000 -3.6000 53.3520 110.8800
-126.5220 -125.7120 -119.5380 -120.2400 -121.0500 -120.3840 -121.9680
-80.5140 -79.0560 -77.5260 -77.6160 -77.8500 -77.9760 -76.2300
113.7420 114.0480 116.9460 117.2160 117.4500 117.8640 118.8360
146.5740 147.7440 148.4820 149.1840 148.5000 149.3280 150.7140
151.6860 152.6400 152.3880 153.1800 153.9000 154.5840 154.8720
153.3600 153.9360 155.0160 154.8720 155.2500 155.9520 156.6180
157.1940 158.1120 157.6800 158.8680 157.5000 158.9040 159.3900




























R esult 2 o f  Program  “ phas”
% phas_2 Result of Program "phas" under condition: J12=0, L=2.5, al=0, 
phas  =
Columns 1 t h r o u g h  7
1 .0 000 2 .0 000 3 .0000 4
2 .5 133 5 .0 265 7 .5398 10
1 .5120 4 .2480 56 .5920 151
1 .3 680 10 .6560 52 .0560 -29
110 .1960 147 .0240 - 1 4 0 . 4 3 6 0 -10
- 0 . 1 8 0 0 - 0 . 3 6 0 0 - 1 . 9 4 4 0 71
0 .0 360 0 .7920 20 .1960 1
0 .0360 0 .7920 20 .1960 1
0 .0360 1 .2240 18 .0360 3
0 .0 360 1 .2240 18 .0360 3
Columns 8 t h r o u g h  14
8 .0 000 9 .0000 10 .0000 11
20 .1062 22 .6195 25 .1327 27
- 5 4 . 1 4 4 0 - 5 1 . 1 9 2 0 -4 7 .1 6 0 0 -42
127.8720 128.6640 130.3200 133
81 .5040 94 .9680 109.0800 124
- 2 9 . 3 7 6 0 56 .7360 142.9200 -1
18 .4320 25 .2720 34 .5600 43
18 .4320 25 .2720 34.5600 43
14 .1120 20 .0880 27 .3600 34
14 .1120 20 .0880 27 .3600 34
Columns 15i t h r o u g h 21
15 .0000 16 .0000 17.0000 18
37 .6991 40.2124 42.7257 45
- 1 . 4 4 0 0 - 1 . 7 2 8 0 - 1 . 8 3 6 0 -1
159 .8400 167.6160 175.6440 -176
- 1 7 0 . 4 6 0 0  - 156.0960 - 1 4 7 . 02 40 179
- 1 . 6 2 0 0 - 1 . 7 2 8 0 - 1 . 8 3 6 0 -1
77 . 760 0 85 .2480 92.4120 98
77 .7600 85.2480 92.4120 98
63 .7200 72.0000 80.7840 89
63 .7200 72.0000 80 .7840 89
Columns 22: t h r o u g h 28
22 .0000 23 .0000 24 .0000 25
55 .2920 57.8053 60.3186 62
- 1 6 . 6 3 2 0 -6 2 .1 00 0 0 -2
- 1 4 8 . 5 3 6 0  - 143.8920 -1 3 9 . 1 0 4 0 -136
114.8400 129.9960 138.8160 147
- 1 6 . 6 3 2 0  -■131.6520 112.8960 -2
119.5920 124.2000 127.5840 130
119 .5920 124.2000 127.5840 130
118 .8000 124.2000 129.3120 132
118 .8000 124.2000 129.3120 132
Columns 2Si t h r o u g h 35
29 .0 00 0 30 .0000 31.0000 32
72 .8849 75.3982 77.9115 80
- 2 6 . 1 0 0 0 140.7600 26.3160 -29
- 1 2 5 . 1 0 0 0  -•123.1200 -1 2 0 . 52 80 -119
176 .4360 179 .6400 - 17 4 . 09 60 -169
- 1 0 3 . 3 5 6 0 140.7600 26 .3160 -89
139 .8960 141.8400 144.6120 145
139 .8960 141.8400 144.6120 145
145 .1160 146.1600 149.0760 149
145 .1160 146.1600 149.0760 149
Columns 36: t h r o u g h 42
36 .0000 37 .0000 38 .0000 39
90 .4779 92 .9911 95.5044 98
169 .4880 53 .6400 -5 8 .8 2 4 0 -11
0000 5.0000 6.0000 7.0000
0531 12.5664 15.0796 17.5929
0560 -87 .6 60 0 -67 .60 80 -58 .4 64 0
5200 93.6000 114.6960 123.7320
0800 -30 .4 20 0 28.0800 63.7560
2800 - 0 . 9 0 0 0 157.8240 -115 .9200
5840 27.1800 23.5440 16.1280
5840 27.1800 23.5440 16.1280
8880 33.1200 20.9520 12.3480
8880 33.1200 20.9520 12.3480
0000 12.0000 13.0000 14.0000
6460 30.1593 32.6726 35.1858
8040 -36 .0 00 0 -26 .7 84 0 -14 .2 56 0
8480 139.1040 145.5480 153.2160
3440 139.9680 156.3120 173.8800
1880 -1 . 2 9 6 0 - 1 . 40 40 -1 . 00 80
5600 52.7040 61.7760 70.5600
5600 52.7040 61.7760 70.5600
4520 41.0400 48.2040 55.9440
4520 41.0400 48.2040 55.9440
0000 19.0000 20.0000 21.0000
2389 47.7522 50.2655 52.7788
9440 6.8400 72.0000 -53 .6 76 0
6160 -16 9 .8 48 0 -162 .72 00 -15 3 .4 68 0
4960 67.0320 87.1200 99.1800
9440 - 2 .0 5 20 - 2 . 16 00 99.1800
4960 104.6520 110.1600 115.8120
4960 104.6520 110.1600 115.8120
4240 97.8120 105.1200 113.5440
4240 97.8120 105.1200 113.5440
0000 26.0000 27.0000 28.0000
8319 65.3451 67.8584 ' 70.3717
7000 -31 .8 24 0 126.7200 12.2400
8000 -133 . 48 80 -129 .27 60 -12 7 .0 08 0
6000 158.1840 162.6840 170.4960
7000 -11 7 .9 36 0 126.7200 12.2400
5000 132.9120 135.4680 138.2400
5000 132.9120 135.4680 138.2400
3000 136.6560 139.3560 143.2800
3000 136.6560 139.3560 143.2800
0000 33.0000 34.0000 35.0000
4248 82.9380 85.4513 87 .9646
9520 21.3840 40.5360 -30 .2 40 0
2320 -11 6 .4 24 0 -11 5 .0 56 0 -11 5 .5 60 0
9200 - 16 7 .5 08 0 -16 4 .0 16 0 - 16 0 .9 20 0
8560 155.6640 40.5360 - 7 5 .6 00 0
1520 147.3120 148.2480 148.6800
1520 147.3120 148.2480 148.6800
7600 152.0640 153.1440 153.7200
7600 152.0640 153.1440 153.7200
0000 40.0000 41.0000 42.0000
0177 100.5310 103.0442 105.5575
2320 67.6800 38.3760 155.7360
a2=0
C -60
-111.4560 -113.2200 -111.0240 -109
-158.1120 -155.8440 -152.0640 -151
169.4880 53.6400 -61.5600 -176
150.3360 150.8760 151.8480 153
150.3360 150.8760 151.8480 153
155.5200 156.2040 157.3200 157
155.5200 156.2040 157.3200 157
Columns 43 through 49
43.0000 44.0000 45.0000 46
108.0708 110.5841 113.0973 115
-89.7840 23.7600 140.9400 -104
-110.7720 -114.0480 -113.4000 -109
-138.6360 -137.8080 -132.8400 -134
-89.7840 24.1920 139.6800 -104
156.3480 155.6640 157.5000 158
156.3480 155.6640 157.5000 158
160.9920 160.4160 162.3600 163
160.9920 160.4160 162.3600 163
Columns 50 through 56
50.0000 51.0000 52.0000 53
125.6637 128.1770 130.6903 133
-1.8000 111.9960 -134.7840 -19
-109.8000 -110.1600 -112.3200 -108
-127.8000 -130.3560 -125.4240 -125
-3.6000 110.3040 -134.7840 -19
160.2000 159.8760 160.9920 162
160.2000 159.8760 160.9920 162
165.6000 165.3840 164.7360 165
165.6000 165.3840 164.7360 165
Columns 57 through 60
57.0000 58.0000 59.0000 60
143.2566 145.7699 148.2832 150
80.9280 -162.8640 -48.8520 66
-110.8080 -110.6640 -109.3680 -110
-121.0680 -119.0160 -117.8640 -116
80.9280 -162.8640 -48.8520 66
163.0080 164.9520 163.5480 163
163.0080 164.9520 163.5480 163
167.1120 167.0400 167.7960 167
167.1120 167.0400 167.7960 167
-109.4400 -115.1280 -114.9120 









-113.3640 -112.3200 -114.6600 






















































Result 1 of Program “huac”
% huma_l  R e s u l t  o f  Program "huac "  unde r  c o n d i t i o n :  v=9,  J 1 2 = p i / 2 ,  L=5 
- I n  t h e  f o l l o w i n g  m a t r i x e s ,  t h e  f i r s t  r ow  i s  t h e  c o o r d i n a t e  a2;  t h e  f i r s t  co lumn i s  
% t h e  c o o r d i n a t e  a l .
maUhac =
Columns 1 t h r o u g h  7
- 0 . 7 0 0 0  --0 .6300 - 0 . 5 6 0 0 - 0 . 49 00 - 0 .4 2 00 - 0 . 35 00
- 1 . 2 5 0 0 2 .7 70 6 2 .9 323 3.0901 3.2400 3.3777 3.4992
- 1 . 1 2 5 0 2 .6869 2 .8574 3 .0250 3.1854 3.3337 3.4652
- 1 . 0 0 0 0 2 .5 685 2 .7 451 2 .9202 3.0889 3.2459 3.3859
- 0 . 8 7 5 0 2 .4098 2 .5 885 2 .7673 2.9408 3.1031 3.2486
- 0 . 7 5 0 0 2 .2 056 2 .3811 2 .5581 2.7310 2.8935 3.0396
- 0 . 6 2 5 0 1 .9520 2 .1173 2 .2853 2.4504 2.6064 2.7471
- 0 . 5 0 0 0 1 .6473 1 .7941 1.9448 2 .0940 2 .2355 2.3635
- 0 . 3 7 5 0 1 .2934 1 .4133 1.5378 1.6622 1.7810 1.8888
- 0 . 2 5 0 0 0 .8984 0 .9825 1.0718 1.1628 1.2513 1.3329
- 0 . 1 2 5 0 0 .4 696 0 .5087 0 .5555 0.6087 0.6654 0 .7226
0 0 .0265 0 .0399 0.0909 0.1538 0.2244 0.2999
0 .1250 0 .4702 0 .5260 0.5882 0.6553 0.7254 0.7962
0 .2500 0 .9234 1 .0220 1.1245 1.2270 1.3255 1.4163
0 .3750 1 .3635 1.4987 1.6353 1.7679 1.8910 2 .0001
0 .5 000 1 .7679 1 .9310 2.0931 2.2477 2.3885 2.5104
0 .6 250 2 .1230 2 .3050 2 .4837 2 .6520 2.8030 2.9324
0 .7 500 2 .4233 2 .6158 2 .8026 2 .9765 3.1316 3.2636
0 .8750 2 .6680 2 .8634 3.0511 3.2247 3.3787 3.5092
1 .0000 2 .8 596 3 .0519 3.2352 3.4038 3.5526 3.6788
1 .1250 3 .0030 3 .1879 3.3629 3.5231 3.6643 3.7839
1 .2500 3 .1041 3.2788 3.4431 3.5928 3.7245 3.8362
Columns 8 t h r o u g h  14
- 0 . 2 8 0 0 - 0 . 2 1 0 0  --0 .1400 -0 . 0 7 0 0 0 0.0700 0.1400
3 .6 016 3 .6826 3.7408 3.7755 3.7857 3.7704 3.7289
3.5764 3.6646 3 .7285 3.7676 3.7814 3.7689 3.7287
3 .5047 3 .5990 3.6674 3.7098 3.7262 3.7162 3.6781
3 .3722 3 .4706 3 .5419 3.5861 3.6038 3.5955 3.5603
3 .1642 3 .2636 3.3358 3 .3806 3.3986 3.3914 3.3597
2 .8674 2 .9637 3.0343 3.0789 3.0979 3.0923 3.0642
2 .4 73 3 2 .5616 2 .6274 2.6708 2 .6925 2.6927 2.6690
1 .9 815 2 .0570 2 .1147 2 .1551 2 .1786 2.1839 2 .1706
1 .4 04 5 1.4647 1 .5130 1.5501 1.5767 1.5939 1.6020
0 .7778 0 .8296 0 .8780 0.9235 0.9667 1.0075 1.0443
0 .3777 0.4557 0.5322 0.6062 0.6766 0.7426 0.8025
0 .8654 0.9318 0.9944 1 .0530 1.1070 1.1552 1.1952
1 .4972 1.5674 1 .6276 1.6792 1.7229 1.7583 1.7831
2 .0 927 2 .1685 2 .2 293 2.2772 2.3140 2.3400 2.3531
2 .6 112 2 .6912 2 .7524 2 .7975 2 .8286 2.8462 2.8486
3 .0378 3 .1201 3 .1811 3.2237 3.2497 3.2598 3.2527
3 .3705 3 .4532 3.5132 3.5535 3.5758 3.5812 3.5694
3 .6149 3.6962 3 .7549 3 .7936 3.8145 3.8183 3.8037
3 .7810 3 .8598 3 .9170 3.9550 3.9752 3.9773 3.9593
3 .8810 3.9564 4.0118 4.0488 4.0676 4.0672 4.0458
3 .9274 3 .9986 4 .0513 4.0860 4.1024 4.0991 * 4.0750
Columns 15 t h r o u g h  21
0 .2100 0 .2800 0 .3500 0 .4200 0.4900 0.5600 0.6300
3 .6613 3 .5690 3.4548 3.3222 3.1753 3.0180 2.8544
3 .6602 3 .5644 3 .4443 3.3041 3.1482 2 .9816
2 .8090
3 .6104 3 .5129 3 .3891 3.2439 3.0823 2 .9096
2.7314
3 .4957 3 .3996 3 .2750 3.1287 2.9661 2.7924 2 .6130
3 .3 016 3 .2110 3 .0899 2 .9485 2.7908 2.6214
2.4459
3 .0144 2 .9324 2 .8234 2 .6947 2 .5480 2.3884
2.2222
2 .6 17 3 2 .5 529 2 .4657 2 .3563 2.2288 2 .0886
1.9418
2 .1414 2 .0965 2 .0328 1.9502 1.8513 1.7405
1.6235
1 .5 995 1 .5840 1.5534 1 .5073 1.4470 1.3755
1.2970
1 .0750 1 .0967 1 .1067 1.1031 1.0860
1.0567 1.0183
0 .8542 0 .8949 0 .9225 0.9358 0 .9350 0.9215
0.8980
1 .2238 1 .2376 1 .2338 1 .2116 1.1723 1.1197
1.0582
1 .7 933 1 .7842 1 .7518 1 .6950 1.6159 1.5196
1.4130
2 .3 497 2 .3247 2 .2 73 0 2 .1916 2 .0825 1.9521
1.8087
2 .8 327 2 .7 941 2 .7283 2 .6320 2 .5043 2.3507
2.1817
C -62
3 . 2 2 5 8  3 . 1 7 5 9  3 . 0 9 9 6
3 . 5 3 7 8  3 . 4 8 1 8  3 . 3 9 7 0
3 . 7 6 7 3  3 . 7 0 5 3  3 . 6 1 4 0
3 . 9 1 8 4  3 . 8 5 1 9  3 . 7 5 7 6
4 . 0 0 1 6  3 . 9 3 2 9  3 . 8 3 8 1
4 . 0 2 9 0  3 . 9 5 9 8  3 . 8 6 5 9
C o lu m n  22
0 . 7 0 0 0
2 . 6 8 8 1
2 . 6 3 5 0
2 . 5 5 2 6
2 . 4 3 3 1
2 . 2 6 9 4
2 . 0 5 5 2
1 . 7 9 4 5
1 . 5 0 5 5
1 . 2 1 6 1
0 . 9 7 4 1
0 . 8 6 7 4
0 . 9 9 3 5
1 . 3 0 2 6
1 . 6 6 0 7
2 . 0 0 7 3
2 . 3 1 4 7
2 . 5 7 2 5
2 . 7 7 7 5
2 . 9 3 1 6
3 . 0 3 2 3
3 . 1 0 1 3
m iU h a c
C o lu m n s 1 t h r o u g h  7
- 0 . 7 0 0 0 - 0 . 6 3 0 0
- 1 . 2 5 0 0 - 2 . 7 2 7 0 - 2 . 8 9 2 8
- 1 . 1 2 5 0 - 2 . 6 5 8 1 - 2 . 8 3 2 8
- 1 . 0 0 0 0 - 2 . 5 5 2 4 - 2 . 7 3 3 4
- 0 . 8 7 5 0 - 2 . 4 0 4 0 - 2 . 5 8 7 4
- 0 . 7 5 0 0 - 2 . 2 0 7 5 - 2 . 3 8 7 7
- 0 . 6 2 5 0 - 1 . 9 5 9 0 - 2 . 1 2 8 7
- 0 . 5 0 0 0 - 1 . 6 5 6 4 - 1 . 8 0 7 4
- 0 . 3 7 5 0 - 1 . 3 0 1 6 - 1 . 4 2 5 4
- 0 . 2 5 0 0 - 0 . 9 0 2 4 - 0 . 9 9 0 6
- 0 . 1 2 5 0 - 0 . 4 6 4 7 - 0 . 5 1 0 6
0 - 0 . 0 2 9 5 - 0 . 0 3 7 4
0 . 1 2 5 0 - 0 . 4 6 9 6 - 0 . 5 2 4 1
0 . 2 5 0 0 - 0 . 9 3 0 7 - 1 . 0 2 8 9
0 . 3 7 5 0 - 1 . 3 7 1 0 - 1 . 5 0 5 5
0 . 5 0 0 0 - 1 . 7 7 0 5 - 1 . 9 3 2 9
0 . 6 2 5 0 - 2 . 1 1 7 1 - 2 . 2 9 8 5
0 . 7 5 0 0 - 2 . 4 0 5 8 - 2 . 5 9 7 6
0 . 8 7 5 0 - 2 . 6 3 6 2 - 2 . 8 3 0 9
1 . 0 0 0 0 - 2 . 8 1 1 0 - 3 . 0 0 2 8
1 . 1 2 5 0 - 2 . 9 3 5 7 - 3 . 1 2 0 1
1 . 2 5 0 0 - 3 . 0 1 6 5 - 3 . 1 9 0 8
C o lu m n s 8 t h r o u g h  14
- 0 . 2 8 0 0 - 0 . 2 1 0 0 - 0 . 1 4 0 0
- 3 . 5 7 2 1 - 3 . 6 5 4 6 - 3 . 7 1 5 2
- 3 . 5 5 8 6 - 3 . 6 4 6 3 - 3 . 7 1 0 1
- 3 . 4 9 6 6 - 3 . 5 8 8 9 - 3 . 6 5 5 3
- 3 . 3 7 1 3 - 3 . 4 6 6 4 - 3 . 5 3 4 5
- 3 . 1 6 7 1 - 3 . 2 6 2 2 - 3 . 3 3 0 1
- 2 . 8 7 0 2 - 2 . 9 6 1 0 - 3 . 0 2 6 4
- 2 . 4 7 1 8 - 2 . 5 5 3 5 - 2 . 6 1 3 1
- 1 . 9 7 2 2 - 2 . 0 4 0 2 - 2 . 0 9 1 2
- 1 . 3 8 6 4 - 1 . 4 3 9 7 - 1 . 4 8 2 8
- 0 . 7 6 0 3 - 0 . 8 1 1 2 - 0 . 8 6 1 5
- 0 . 3 9 8 8 - 0 . 4 8 4 1 - 0 . 5 6 8 0
- 0 . 8 5 9 8 - 0 . 9 2 4 8 - 0 . 9 8 6 7
- 1 . 4 8 7 6 - 1 . 5 5 2 7 - 1 . 6 0 8 4
- 2 . 0 8 1 2 - 2 . 1 5 2 0 - 2 . 2 0 7 9
- 2 . 5 9 6 6 - 2 . 6 7 2 3 - 2 . 7 2 9 7
9943 2 . 8 5 9 2 2 . 6 9 4 8 2 . 5 0 8 6
2 80 6 3 . 1 3 5 2 2 . 9 6 7 6 2 . 7 7 6 4
4 9 1 8 3 . 3 3 9 5 3 . 1 6 4 2 2 . 9 8 1 4
6 3 4 1 3 . 4 8 2 2 3 . 3 0 7 8 3 . 1 1 9 2
7 1 5 9 3 . 5 6 8 1 3 . 4 0 1 3 3 . 2 2 1 0
7 4 7 1 3 . 6 0 7 1 3 . 4 5 1 2 3 . 2 8 2 0
5600 - 0 . 4 9 0 0 - 0 . 4 2 0 0 - 0 . 3 5 0 0
053 8 - 3 . 2 0 6 1 - 3 . 3 4 5 6 - 3 . 4 6 8 6
003 7 - 3 . 1 6 6 3 - 3 . 3 1 5 7 - 3 . 4 4 7 7
9 1 1 8 - 3 . 0 8 2 4 - 3 . 2 3 9 9 - 3 . 3 7 9 4
7 6 9 3 - 2 . 9 4 4 2 - 3 . 1 0 6 5 - 3 . 2 5 0 3
5 6 7 6 - 2 . 7 4 1 3 - 2 . 9 0 2 9 - 3 . 0 4 6 4
2 992 - 2 . 4 6 4 3 - 2 . 6 1 8 1 - 2 . 7 5 5 0
9597 - 2 . 1 0 7 8 - 2 . 2 4 5 8 - 2 . 3 6 8 5
5 5 0 7 - 1 . 6 7 2 7 - 1 . 7 8 6 4 - 1 . 8 8 7 2
0800 - 1 . 1 6 7 4 - 1 . 2 4 9 3 - 1 . 3 2 2 9
5 5 8 6 - 0 . 6 0 8 1 - 0 . 6 5 8 4 - 0 . 7 0 9 2
0903 - 0 . 1 5 6 7 - 0 . 2 3 2 3 - 0 . 3 1 4 0
5 85 7 - 0 . 6 5 2 5 - 0 . 7 2 2 1 - 0 . 7 9 1 8
1 3 0 1 - 1 . 2 3 0 2 - 1 . 3 2 5 2 - 1 . 4 1 1 7
6405 - 1 . 7 7 0 2 - 1 . 8 8 9 4 - 1 . 9 9 3 7
0934 - 2 . 2 4 5 2 - 2 . 3 8 2 4 - 2 . 5 0 0 1
4 7 57 - 2 . 6 4 1 4 - 2 . 7 8 9 4 - 2 . 9 1 5 3
7 83 0 - 2 . 9 5 4 8 - 3 . 1 0 7 4 - 3 . 2 3 6 7
0 1 7 3 - 3 . 1 8 9 2 - 3 . 3 4 1 1 - 3 . 4 6 9 7
1 8 5 0 - 3 . 3 5 2 1 - 3 . 4 9 9 5 - 3 . 6 2 4 3
2 9 4 3 - 3 . 4 5 3 5 - 3 . 5 9 3 7 - 3 . 7 1 2 6
3 5 46 - 3 . 5 0 3 8 - 3 . 6 3 5 2 - 3 . 7 4 7 0
0700 0 0 . 0 7 0 0 0 . 1 4 0 0
7 5 3 5 - 3 . 7 6 9 1 - 3 . 7 6 0 9 - 3 . 7 2 8 3
7 5 0 1 - 3 . 7 6 6 4 - 3 . 7 5 8 0 - 3 . 7 2 3 9
6964 - 3 . 7 1 2 8 - 3 . 7 0 4 3 - 3 . 6 6 9 4
5 7 5 7 - 3 . 5 9 1 3 - 3 . 5 8 2 3 - 3 . 5 4 7 5
3 70 9 - 3 . 3 8 5 4 - 3 . 3 7 5 3 - 3 . 3 4 1 6
0 6 6 1 - 3 . 0 8 0 6 - 3 . 0 7 0 8 - 3 . 0 3 8 7
6508 - 2 . 6 6 7 3 - 2 . 6 6 2 4 - 2 . 6 3 3 3
1 2 5 7 - 2 . 1 4 4 0 - 2 . 1 4 3 9 - 2 . 1 2 4 6
5 1 5 9 - 1 . 5 3 9 4 - 1 . 5 5 3 3 - 1 . 5 5 6 8
9 1 0 7 - 0 . 9 5 8 0 - 1 . 0 0 2 0 - 1 . 0 4 0 3
6495 - 0 . 7 2 7 8 - 0 . 8 0 2 1 - 0 . 8 7 0 7
0459 - 1 . 1 0 2 6 - 1 . 1 5 6 2 - 1 . 2 0 5 3
6 5 6 1 - 1 . 6 9 7 4 - 1 . 7 3 2 3 - 1 . 7 5 9 6
2 5 1 6 - 2 . 2 8 4 9 - 2 . 3 0 8 5 - 2 . 3 2 1 3














































- 3 . 0 1 7 4 - 3 . 0 9 6 6 - 3 . 1 5 5 0 - 3
- 3 . 3 4 1 3 - 3 . 4 2 2 0 - 3 . 4 8 0 7 - 3
- 3 . 5 7 3 9 - 3 . 6 5 4 2 - 3 . 7 1 2 7 - 3
- 3 . 7 2 5 7 - 3 . 8 0 4 4 - 3 . 8 6 2 6 - 3
- 3 . 8 0 9 7 - 3 . 8 8 6 0 - 3 . 9 4 3 6 - 3
- 3 . 8 3 9 1 - 3 . 9 1 2 5 - 3 . 9 6 8 9 - 4
C o lu m n s 1 5 t h r o u g h 2 1
0 . 2 1 0 0 0 . 2 8 0 0 0 . 3 5 0 0 0
- 3 . 6 7 0 8 - 3 . 5 8 9 4 - 3 . 4 8 6 3 - 3
- 3 . 6 6 2 8 - 3 . 5 7 5 5 - 3 . 4 6 4 2 - 3
- 3 . 6 0 6 3 - 3 . 5 1 4 5 - 3 . 3 9 6 7 - 3
- 3 . 4 8 4 7 - 3 . 3 9 1 4 - 3 . 2 6 9 8 - 3
- 3 . 2 8 2 4 - 3 . 1 9 1 8 - 3 . 0 7 0 4 - 2
- 2 . 9 8 5 4 - 2 . 8 9 9 7 - 2 . 7 8 7 5 - 2
- 2 . 5 7 5 7 - 2 . 5 0 5 4 - 2 . 4 1 2 0 - 2
- 2 . 0 8 8 7 - 2 . 0 3 6 1 - 1 . 9 6 3 9 - 1
- 1 . 5 4 8 0 - 1 . 5 2 4 4 - 1 . 4 8 3 9 - 1
- 1 . 0 6 9 9 - 1 . 0 8 7 2 - 1 . 0 8 9 3 - 1
- 0 . 9 3 0 5 - 0 . 9 7 8 0 - 1 . 0 0 9 4 - 1
- 1 . 2 4 7 2 - 1 . 2 7 8 3 - 1 . 2 9 4 7 - 1
- 1 . 7 7 6 3 - 1 . 7 7 8 9 - 1 . 7 6 3 9 - 1
- 2 . 3 2 0 5 - 2 . 3 0 2 0 - 2 . 2 6 1 8 - 2
- 2 . 8 0 0 9 - 2 . 7 6 6 5 - 2 . 7 0 9 1 - 2
- 3 . 1 9 3 4 - 3 . 1 4 6 6 - 3 . 0 7 7 7 - 2
- 3 . 5 0 4 8 - 3 . 4 5 2 4 - 3 . 3 7 4 9 - 3
- 3 . 7 3 3 4 - 3 . 6 7 6 3 - 3 . 5 9 3 2 - 3
- 3 . 8 8 2 8 - 3 . 8 2 3 3 - 3 . 7 3 8 5 - 3
- 3 . 9 6 3 5 - 3 . 9 0 4 0 - 3 . 8 2 0 9 - 3
- 3 . 9 8 8 0 - 3 . 9 3 0 6 - 3 . 8 5 1 4 - 3
C o lu m n  22
0 . 7 0 0 0
- 2 . 7 6 8 1
- 2 . 6 9 6 5
- 2 . 5 9 1 9
- 2 . 4 4 6 6
- 2 . 2 5 3 9
- 2 . 0 0 8 6
- 1 . 7 1 5 9
- 1 . 3 9 5 7
- 1 . 0 8 6 9
- 0 . 8 8 5 4
- 0 . 9 0 8 4
- 1 . 1 2 1 4
- 1 . 4 2 8 4
- 1 . 7 6 4 1
- 2 . 0 9 0 9
- 2 . 3 8 8 2
- 2 . 6 4 2 7
- 2 . 8 4 9 5
- 3 . 0 0 9 3
- 3 . 1 1 4 8
- 3 . 1 8 5 0
- 3 . 2 1 9 4 - 3 . 2 2 7 9 - 3 . 2 1 9 8
- 3 . 5 4 1 6 - 3 . 5 4 6 6 - 3 . 5 3 5 0
- 3 . 7 7 3 6 - 3 . 7 7 9 0 - 3 . 7 6 6 6
- 3 . 9 2 5 6 - 3 . 9 3 1 6 - 3 . 9 1 8 2
- 4 . 0 0 8 1 - 4 . 0 1 3 9 - 3 . 9 9 9 7
- 4 . 0 3 2 6 - 4 . 0 3 7 9 - 4 . 0 2 3 5
0 . 4 9 0 0 0 . 5 6 0 0 0 . 6 3 0 0
- 3 . 2 2 8 2 - 3 . 0 8 0 6 - 2 . 9 2 6 1
- 3 . 1 8 6 0 - 3 . 0 2 7 9 - 2 . 8 6 3 3
- 3 . 1 0 2 7 - 2 . 9 3 6 7 - 2 . 7 6 4 9
- 2 . 9 6 7 8 - 2 . 7 9 8 0 - 2 . 6 2 2 7
- 2 . 7 7 1 8 - 2 . 6 0 3 3 - 2 . 4 2 9 0
- 2 . 5 0 5 9 - 2 . 3 4 4 2 - 2 . 1 7 6 5
- 2 . 1 6 3 0 - 2 . 0 1 7 7 - 1 . 8 6 6 7
- 1 . 7 6 4 6 - 1 . 6 4 5 5 - 1 . 5 2 0 6
- 1 . 3 5 4 1 - 1 . 2 7 0 2 - 1 . 1 7 9 6
- 1 . 0 4 4 2 - 0 . 9 9 9 9 - 0 . 9 4 5 6
- 1 . 0 1 5 7 - 0 . 9 9 2 0 - 0 . 9 5 4 8
- 1 . 2 7 3 3 - 1 . 2 3 5 4 - 1 . 1 8 3 1
- 1 . 6 7 5 7 - 1 . 6 0 4 7 - 1 . 5 2 0 5
- 2 . 1 1 1 3 - 2 . 0 0 6 5 - 1 . 8 8 8 8
- 2 . 5 1 6 3 - 2 . 3 8 5 3 - 2 . 2 4 1 2
- 2 . 8 6 6 2 - 2 . 7 2 1 6 - 2 . 5 5 8 7
- 3 . 1 4 4 2 - 2 . 9 9 6 1 - 2 . 8 2 5 0
- 3 . 3 5 0 7 - 3 . 1 9 8 0 - 3 . 0 3 4 6
- 3 . 4 9 6 9 - 3 . 3 4 5 1 - 3 . 1 7 8 5
- 3 . 5 8 8 0 - 3 . 4 4 3 3 - 3 . 2 8 3 9
- 3 . 6 3 2 9 - 3 . 4 9 7 6 - 3 . 3 4 7 4
1 9 5 4
5 2 0 0
7 5 1 8
9 0 25
9842
0 0 9 1
4200
3 6 4 7
3 3 3 0
2 5 7 7
1 2 6 7
9 2 9 1






2 9 3 5
7 2 9 5
1 9 7 7
6258
9848
2 7 1 4
4 8 4 1
6292
7 1 4 9
7 5 1 3
C-64
R esult 2 o f  Program  “ huac”
% huma_2 R e s u lt  o f  P rog ram  "h u a c " u n d e r c o n d i t io n :  v=4, J12=0, L = 2 . 5 
- I n  th e  f o l lo w in g  m a t r ix e s ,  th e  f i r s t  row  i s  th e  c o o rd in a te  a2; th e  f i r s t  co lum n i s  
% th e  c o o r d in a te  a l .
maUhac =
Columns 1 through 7
-0.7000 - 0.6300 -0.5600 -0.4900 -0.4200 -0.3500
-1.2500 3.4354 3.6861 3.9403 4.1921 4.4337 4.6568
-1.1250 3.6461 3.9293 4.2187 4.5079 4.7881 5.0495
-1.0000 3.8558 4.1740 4.5019 4.8320 5.1547 5.4586
-0.8750 4.0601 4.4159 4.7855 5.1605 5.5299 5.8800
-0.7500 4.2523 4.6468 5.0613 5.4861 5.9076 6.3091
-0.6250 4.4238 4.8548 5.3127 5.7883 6.2679 6.7302
-0.5000 4.5699 5.0328 5.5280 6.0470 6.5765 7.0972
-0.3750 4.6901 5.1817 5.7110 6.2698 6.8440 7.4129
-0.2500 4.7817 5.2981 5.8574 6.4515 7.0659 7.6784
-0.1250 4.8413 5.3771 5.9604 6.5834 7.2309 7.8801
0 4.8654 5.4142 6.0141 6.6574 7.3293 8.0059
0.1250 4.8514 5.4060 6.0137 6.6675 7.3528 8.0452
0.2500 4.7974 5.3501 5.9562 6.6094 7.2954 7.9899
0.3750 4.7021 5.2447 5.8397 6.4807 7.1538 7.8350
0.5000 4.5650 5.0890 5.6626 6.2794 6.9254 7.5765
0.6250 4.3868 4.8832 5.4243 6.0033 6.6056 7.2071
0.7500 4.1714 4.6320 5.1307 5.6595 6.2041 6.7421
0.8750 3.9260 4.3452 4.7949 5.2670 5.7483 6.2194
1.0000 3.6585 4.0334 4.4315 4.8451 5.2621 5.6659
1.1250 3.3774 3.7073 4.0539 4.4099 4.7643 5.1029
1.2500 3.0914 3.3772 3.6743 3.9757 4.2717 4.5503
Columns 8 through 14
-0.2800 -0.2100 - 0.1400 -0.0700 0 0.0700 0.1400
4.8525 5.0128 5.1315 5.2045 5.2291 5.2045 5.1315
5.2815 5.4741 5.6191 5.7098 5.7406 5.7098 5.6191
5.7313 5.9605 6.1355 6.2462 6.2841 6.2462 6.1355
6.1963 6.4646 6.6715 6.8036 6.8491 6.8036 6.6715
6.6724 6.9802 7.2173 7.3695 7.4222 7.3695 7.2173
7.1490 7.5006 7.7661 7.9319 7.9889 7.9319 7.7661
7.5827 7.9969 8.3024 8.4832 8.5407 8.4832 8.3024
7.9485 8.4173 8.7797 8.9982 9.0684 8.9982 8.7797
8.2588 8.7713 9.1762 9.4367 9.5265 9.4367 9.1762
8.4992 9.0494 9.4889 9.7751 9.8747 9.7751 9.4889
8.6541 9.2328 9.6958 9.9972 10.1020 9.9972 9.6958
8.7101 9.3034 9.7775 10.0871 10.1951 10.0871 9.7775
8.6567 9.2494 9.7199 10.0266 10.1341 10.0266 9.7199
8.4875 9.0638 9.5144 9.8002 9.8986 9.8002 9.5144
8.1958 8.7364 9.1509 9.4076 9.4929 9.4076 9.1509
7.7721 8.2611 8.6383 8.8768 8.9584 8.8768 8.6383
7.2442 7.6794 8.0200 8.2411 8.3184 8.2411 8.0200
6.6562 7.0341 7.3305 7.5230 7.5903 7.5230 7.3305
6.0363 6.3534 6.5994 6.7576 6.8125 6.7576 6.5994
5.4092 5.6668 5.8629 5.9866 6.0291 5.9866 5.8629
4.7982 5.0028 5.1543 5.2475 5.2788 5.2475 5.1543
Columns 15 through 21
0.2100 0.2800 0.3500 0.4200 0.4900 0.5600 0.6300
5.0128 4.8525 4.6568 4.4337 4.1921 3.9403 3.6861
5.4741 5.2815 5.0495 4.7881 4.5079 4.2187 3.9293
5.9605 5.7313 5.4586 5.1547 4.8320 4.5019 4.1740
6.4646 6.1963 5.8800 5.5299 5.1605 4.7855 4.4159
6.9802 6.6724 6.3091 5.9076 5.4861 5.0613 4.6468
7.5006 7.1490 6.7302 6.2679 5.7883 5.3127 4.8548
7.9969 7.5827 7.0972 6.5765 6.0470 5.5280 5.0328
8.4173 7.9485 7.4129 6.8440 6.2698 5.7110 5.1817
8.7713 8.2588 7.6784 7.0659 6.4515 5.8574 5.2981
9.0494 8.4992 7.8801 7.2309 6.5834 5.9604 5.3771
9.2328 8.6541 8.0059 7.3293 6.6574 6.0141 5.4142
9.3034 8.7101 8.0452 7.3528 6.6675 6.0137 5.4060
9.2494 8.6567 7.9899 7.2954 6.6094 5.9562 5.3501
9.0638 8.4875 7.8350 7.1538 6.4807 5.8397 5.2447
8.7364 8.1958 7.5765 6.9254 6.2794 5.6626 5.0890
C -65
8 . 2 6 1 1  7 . 7 7 2 1  7 . 2 0 7 1
7 . 6 7 9 4  7 . 2 4 4 2  6 . 7 4 2 1
7 . 0 3 4 1  6 . 6 5 6 2  6 . 2 1 9 4
6 . 3 5 3 4  6 . 0 3 6 3  5 . 6 6 5 9
5 . 6 6 6 8  5 . 4 0 9 2  5 . 1 0 2 9
5 . 0 0 2 8  4 . 7 9 8 2  4 . 5 5 0 3
C o lu m n  22
0 . 7 0 0 0
3 . 4 3 5 4
3 . 6 4 6 1
3 . 8 5 5 8
4 . 0 6 0 1
4 . 2 5 2 3
4 . 4 2 3 8
4 . 5 6 9 9
4 . 6 9 0 1
4 . 7 8 1 7
4 . 8 4 1 3
4 . 8 6 5 4
4 . 8 5 1 4
4 . 7 9 7 4
4 . 7 0 2 1
4 . 5 6 5 0
4 . 3 8 6 8
4 . 1 7 1 4
3 . 9 2 6 0
3 . 6 5 8 5
3 . 3 7 7 4
3 . 0 9 1 4
m iU h a c  =
C o lu m n s 1  t h r o u g h  7
- 0 . 7 0 0 0 - 0 . 6 3 0 0
- 1 . 2 5 0 0 - 3 . 7 1 9 8 - 3 . 9 5 9 9
- 1 . 1 2 5 0 - 3 . 8 9 6 0 - 4 . 1 6 6 8
- 1 . 0 0 0 0 - 4 . 0 7 3 7 - 4 . 3 7 7 7
- 0 . 8 7 5 0 - 4 . 2 4 8 8 - 4 . 5 8 8 9
- 0 . 7 5 0 0 - 4 . 4 1 4 5 - 4 . 7 9 2 1
- 0 . 6 2 5 0 - 4 . 5 6 0 6 - 4 . 9 7 3 1
- 0 . 5 0 0 0 - 4 . 6 8 1 5 - 5 . 1 2 3 8
- 0 . 3 7 5 0 - 4 . 7 7 8 5 - 5 . 2 4 7 8
- 0 . 2 5 0 0 - 4 . 8 5 1 1 - 5 . 3 4 3 7
- 0 . 1 2 5 0 - 4 . 8 9 6 7 - 5 . 4 0 7 8
0 - 4 . 9 1 2 9 - 5 . 4 3 6 5
0 . 1 2 5 0 - 4 . 8 9 7 4 - 5 . 4 2 6 9
0 . 2 5 0 0 - 4 . 8 4 8 5 - 5 . 3 7 6 7
0 . 3 7 5 0 - 4 . 7 6 4 5 - 5 . 2 8 4 0
0 . 5 0 0 0 - 4 . 6 4 4 4 - 5 . 1 4 7 0
0 . 6 2 5 0 - 4 . 4 8 8 9 - 4 . 9 6 5 5
0 . 7 5 0 0 - 4 . 3 0 2 5 - 4 . 7 4 4 9
0 . 8 7 5 0 - 4 . 0 9 2 2 - 4 . 4 9 5 0
1 . 0 0 0 0 - 3 . 8 6 5 1 - 4 . 2 2 5 8
1 . 1 2 5 0 - 3 . 6 2 8 4 - 3 . 9 4 6 7
1 . 2 5 0 0 - 3 . 3 8 8 3 - 3 . 6 6 5 4
C o lu m n s 8 th r o u g h  14
- 0 . 2 8 0 0 - 0 . 2 1 0 0 - 0 . 1 4 0 0
- 5 . 1 0 7 8 - 5 . 2 7 1 6 - 5 . 3 9 4 2
- 5 . 4 9 4 0 - 5 . 6 8 8 8 - 5 . 8 3 5 8
- 5 . 9 0 2 1 - 6 . 1 3 1 6 - 6 . 3 0 6 2
- 6 . 3 2 8 6 - 6 . 5 9 4 9 - 6 . 7 9 9 1
- 6 . 7 7 0 8 - 7 . 0 7 4 6 - 7 . 3 0 7 0
- 7 . 2 1 9 2 - 7 . 5 6 5 9 - 7 . 8 2 5 6
- 7 . 6 2 6 5 - 8 . 0 3 8 4 - 8 . 3 3 9 9
- 7 . 9 6 7 7 - 8 . 4 3 7 6 - 8 . 8 0 0 8
- 8 . 2 5 8 5 - 8 . 7 7 5 8 - 9 . 1 8 5 9
- 8 . 4 8 5 4 - 9 . 0 4 3 8 - 9 . 4 9 1 6
- 8 . 6 3 2 9 - 9 . 2 2 1 5 - 9 . 6 9 3 0
- 8 . 6 8 7 8 - 9 . 2 9 0 1 - 9 . 7 6 9 8
- 8 . 6 4 0 1 - 9 . 2 3 8 2 - 9 . 7 1 0 1
- 8 . 4 8 4 0 - 9 . 0 6 1 5 - 9 . 5 0 8 8
- 8 . 2 1 3 8 - 8 . 7 5 1 8 - 9 . 1 5 9 3
6 . 6 0 5 6 6 . 0 0 3 3 5 . 4 2 4 3 4 . 8 8 3 2
6 . 2 0 4 1 5 . 6 5 9 5 5 . 1 3 0 7 4 . 6 3 2 0
5 . 7 4 8 3 5 . 2 6 7 0 4 . 7 9 4 9 4 . 3 4 5 2
5 . 2 6 2 1 4 . 8 4 5 1 4 . 4 3 1 5 4 . 0 3 3 4
4 . 7 6 4 3 4 . 4 0 9 9 4 . 0 5 3 9 3 . 7 0 7 3
4 . 2 7 1 7 3 . 9 7 5 7 3 . 6 7 4 3 3 . 3 7 7 2
- 0 . 5 6 0 0 - 0 . 4 9 0 0 - 0 . 4 2 0 0 - 0 . 3 5 0 0
- 4 . 2 0 5 2 - 4 . 4 5 0 3 - 4 . 6 8 8 1 - 4 . 9 1 0 3
- 4 . 4 4 5 8 - 4 . 7 2 6 8 - 5 . 0 0 2 0 - 5 . 2 6 1 4
- 4 . 6 9 3 3 - 5 . 0 1 3 7 - 5 . 3 2 9 8 - 5 . 6 3 0 3
- 4 . 9 4 4 6 - 5 . 3 0 8 5 - 5 . 6 6 9 8 - 6 . 0 1 4 8
- 5 . 1 9 1 7 - 5 . 6 0 4 3 - 6 . 0 1 6 6 - 6 . 4 1 1 8
- 5 . 4 1 4 9 - 5 . 8 7 7 9 - 6 . 3 4 8 4 - 6 . 8 0 4 8
- 5 . 6 0 1 3 - 6 . 1 0 6 6 - 6 . 6 2 7 0 - 7 . 1 4 2 9
- 5 . 7 5 8 0 - 6 . 3 0 2 2 - 6 . 8 6 7 2 - 7 . 4 3 2 1
- 5 . 8 8 2 8 - 6 . 4 6 1 7 - 7 . 0 6 6 7 - 7 . 6 7 6 0
- 5 . 9 7 0 0 - 6 . 5 7 7 2 - 7 . 2 1 5 5 - 7 . 8 6 2 3
- 6 . 0 1 4 8 - 6 . 6 4 2 0 - 7 . 3 0 4 6 - 7 . 9 7 9 4
- 6 . 0 1 3 0 - 6 . 6 5 0 7 - 7 . 3 2 6 7 - 8 . 0 1 7 5
- 5 . 9 6 1 9 - 6 . 5 9 9 4 - 7 . 2 7 6 4 - 7 . 9 6 9 1
- 5 . 8 5 9 3 - 6 . 4 8 5 5 - 7 . 1 5 0 2 - 7 . 8 2 9 3
- 5 . 7 0 2 7 - 6 . 3 0 6 4 - 6 . 9 4 4 8 - 7 . 5 9 3 9
- 5 . 4 9 0 5 - 6 . 0 5 7 9 - 6 . 6 5 3 9 - 7 . 2 5 3 6
- 5 . 2 2 8 8 - 5 . 7 4 7 5 - 6 . 2 8 6 8 - 6 . 8 2 4 1
- 4 . 9 3 1 7 - 5 . 3 9 5 3 - 5 . 8 7 3 0 - 6 . 3 4 5 0
- 4 . 6 1 3 2 - 5 . 0 2 0 5 - 5 . 4 3 5 8 - 5 . 8 4 2 5
- 4 . 2 8 5 1 - 4 . 6 3 6 9 - 4 . 9 9 1 7 - 5 . 3 3 5 2
- 3 . 9 5 6 6 - 4 . 2 5 5 9 - 4 . 5 5 4 1 - 4 . 8 3 9 2
- 0 . 0 7 0 0 0 0 . 0 7 0 0 0 . 1 4 0 0
- 5 . 4 6 9 8 - 5 . 4 9 5 3 - 5 . 4 6 9 8 - 5 . 3 9 4 2
- 5 . 9 2 7 2 - 5 . 9 5 8 2 - 5 . 9 2 7 2 - 5 . 8 3 5 8
- 6 . 4 1 5 8 - 6 . 4 5 3 2 - 6 . 4 1 5 8 - 6 . 3 0 6 2
- 6 . 9 2 8 3 - 6 . 9 7 2 6 - 6 . 9 2 8 3 - 6 . 7 9 9 1
- 7 . 4 5 5 1 - 7 . 5 0 6 1 - 7 . 4 5 5 1 - 7 . 3 0 7 0
- 7 . 9 8 6 7 - 8 . 0 4 1 8 - 7 . 9 8 6 7 - 7 . 8 2 5 6
- 8 . 5 1 7 2 - 8 . 5 7 3 2 - 8 . 5 1 7 2 - 8 . 3 3 9 9
- 9 . 0 2 0 3 - 9 . 0 9 0 9 - 9 . 0 2 0 3 - 8 . 8 0 0 8
- 9 . 4 5 1 0 - 9 . 5 4 2 7 - 9 . 4 5 1 0 - 9 . 1 8 5 9
- 9 . 7 8 2 4 - 9 . 8 8 3 1 - 9 . 7 8 2 4 - 9 . 4 9 1 6
- 9 . 9 9 7 2 - 1 0 . 1 0 1 9 - 9 . 9 9 7 2 - 9 . 6 9 3 0
1 0 . 0 8 0 2 - 1 0 . 1 8 7 8 - 1 0 . 0 8 0 2 - 9 . 7 6 9 8
1 0 . 0 1 5 6 - 1 0 . 1 2 2 2 - 1 0 . 0 1 5 6 - 9 . 7 1 0 1
- 9 . 7 9 0 3 - 9 . 8 8 7 0 - 9 . 7 9 0 3 - 9 . 5 0 8 8
- 9 . 4 0 8 5 - 9 . 4 9 0 7 - 9 . 4 0 8 5 - 9 . 1 5 9 3
C -66
- 7 . 8 1 8 4 - 8 . 3 0 3 6 - 8 . 6 7 2 5 - 8
- 7 . 3 2 7 0 - 7 . 7 6 0 1 - 8 . 0 9 4 1 - 8
- 6 . 7 8 5 1 - 7 . 1 6 4 3 - 7 . 4 5 7 8 - 7
- 6 . 2 1 9 0 - 6 . 5 4 1 6 - 6 . 7 8 9 4 - 6
- 5 . 6 4 9 9 - 5 . 9 1 7 0 - 6 . 1 1 9 8 - 6
- 5 . 0 9 7 2 - 5 . 3 1 3 7 - 5 . 4 7 6 0 - 5
C o lu m n s 1 5 t h r o u g h 2 1
0 . 2 1 0 0 0 . 2 8 0 0 0 . 3 5 0 0 0
- 5 . 2 7 1 6 - 5 . 1 0 7 8 - 4 . 9 1 0 3 - 4
- 5 . 6 8 8 8 - 5 . 4 9 4 0 - 5 . 2 6 1 4 - 5
- 6 . 1 3 1 6 - 5 . 9 0 2 1 - 5 . 6 3 0 3 - 5
- 6 . 5 9 4 9 - 6 . 3 2 8 6 - 6 . 0 1 4 8 - 5
- 7 . 0 7 4 6 - 6 . 7 7 0 8 - 6 . 4 1 1 8 - 6
- 7 . 5 6 5 9 - 7 . 2 1 9 2 - 6 . 8 0 4 8 - 6
- 8 . 0 3 8 4 - 7 . 6 2 6 5 - 7 . 1 4 2 9 - 6
- 8 . 4 3 7 6 - 7 . 9 6 7 7 - 7 . 4 3 2 1 - 6
- 8 . 7 7 5 8 - 8 . 2 5 8 5 - 7 . 6 7 6 0 - 7
- 9 . 0 4 3 8 - 8 . 4 8 5 4 - 7 . 8 6 2 3 - 7
- 9 . 2 2 1 5 - 8 . 6 3 2 9 - 7 . 9 7 9 4 - 7
- 9 . 2 9 0 1 - 8 . 6 8 7 8 - 8 . 0 1 7 5 - 7
- 9 . 2 3 8 2 - 8 . 6 4 0 1 - 7 . 9 6 9 1 - 7
- 9 . 0 6 1 5 - 8 . 4 8 4 0 - 7 . 8 2 9 3 - 7
- 8 . 7 5 1 8 - 8 . 2 1 3 8 - 7 . 5 9 3 9 - 6
- 8 . 3 0 3 6 - 7 . 8 1 8 4 - 7 . 2 5 3 6 - 6
- 7 . 7 6 0 1 - 7 . 3 2 7 0 - 6 . 8 2 4 1 - 6
- 7 . 1 6 4 3 - 6 . 7 8 5 1 - 6 . 3 4 5 0 - 5
- 6 . 5 4 1 6 - 6 . 2 1 9 0 - 5 . 8 4 2 5 - 5
- 5 . 9 1 7 0 - 5 . 6 4 9 9 - 5 . 3 3 5 2 - 4
- 5 . 3 1 3 7 - 5 . 0 9 7 2 - 4 . 8 3 9 2 - 4
C o lu m n  22
0 . 7 0 0 0  
- 3 . 7 1 9 8  
- 3 . 8 9 6 0  
- 4 . 0 7 3 7  
- 4 . 2 4 8 8  
- 4 . 4 1 4 5  
- 4 . 5 6 0 6  
- 4 . 6 8 1 5  
- 4 . 7 7 8 5  
- 4 . 8 5 1 1  
- 4 . 8 9 6 7  
- 4 . 9 1 2 9  
- 4 . 8 9 7 4  
- 4 . 8 4 8 5  
- 4 . 7 6 4 5  
- 4 . 6 4 4 4  
- 4 . 4 8 8 9  
- 4 . 3 0 2 5  
- 4 . 0 9 2 2  
- 3 . 8 6 5 1  
- 3 . 6 2 8 4  
- 3 . 3 8 8 3
- 8 . 9 8 0 7 - 8 . 9 0 2 5 - 8 . 6 7 2 5
- 8 . 3 8 2 1 - 8 . 3 0 7 9 - 8 . 0 9 4 1
- 7 . 7 1 0 6 - 7 . 6 4 5 6 - 7 . 4 5 7 8
- 7 . 0 0 0 5 - 6 . 9 4 6 5 - 6 . 7 8 9 4
- 6 . 2 8 9 8 - 6 . 2 4 6 6 - 6 . 1 1 9 8
- 5 . 6 0 9 6 - 5 . 5 7 6 0 - 5 . 4 7 6 0
0 . 4 9 0 0 0 . 5 6 0 0 0 . 6 3 0 0
- 4 . 4 5 0 3 - 4 . 2 0 5 2 - 3 . 9 5 9 9
- 4 . 7 2 6 8 - 4 . 4 4 5 8 - 4 . 1 6 6 8
- 5 . 0 1 3 7 - 4 . 6 9 3 3 - 4 . 3 7 7 7
- 5 . 3 0 8 5 - 4 . 9 4 4 6 - 4 . 5 8 8 9
- 5 . 6 0 4 3 - 5 . 1 9 1 7 - 4 . 7 9 2 1
- 5 . 8 7 7 9 - 5 . 4 1 4 9 - 4 . 9 7 3 1
- 6 . 1 0 6 6 - 5 . 6 0 1 3 - 5 . 1 2 3 8
- 6 . 3 0 2 2 - 5 . 7 5 8 0 - 5 . 2 4 7 8
- 6 . 4 6 1 7 - 5 . 8 8 2 8 - 5 . 3 4 3 7
- 6 . 5 7 7 2 - 5 . 9 7 0 0 - 5 . 4 0 7 8
- 6 . 6 4 2 0 - 6 . 0 1 4 8 - 5 . 4 3 6 5
- 6 . 6 5 0 7 - 6 . 0 1 3 0 - 5 . 4 2 6 9
- 6 . 5 9 9 4 - 5 . 9 6 1 9 - 5 . 3 7 6 7
- 6 . 4 8 5 5 - 5 . 8 5 9 3 - 5 . 2 8 4 0
- 6 . 3 0 6 4 - 5 . 7 0 2 7 - 5 . 1 4 7 0
- 6 . 0 5 7 9 - 5 . 4 9 0 5 - 4 . 9 6 5 5
- 5 . 7 4 7 5 - 5 . 2 2 8 8 - 4 . 7 4 4 9
- 5 . 3 9 5 3 - 4 . 9 3 1 7 - 4 . 4 9 5 0
- 5 . 0 2 0 5 - 4 . 6 1 3 2 - 4 . 2 2 5 8
- 4 . 6 3 6 9 - 4 . 2 8 5 1 - 3 . 9 4 6 7
- 4 . 2 5 5 9 - 3 . 9 5 6 6 - 3 . 6 6 5 4
9 025
3 0 7 9
64 56
9465
2 4 6 6
5 7 60
4200









2 1 5 5
3 046
3 2 6 7
2 7 6 4




8 7 3 0
43 58
9 9 1 7
5 5 4 1
